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Lead exposure is toxic to all humans and is especially harmful to young children. Lead exposure 
accounts for approximately 9% of the global intellectual disability. Elevated blood lead levels in 
children have been associated with their surrounding environment. The aim of the research was to 
evaluate the level of childhood exposure to lead by assessing blood lead levels (BLLs) in children 
and environmental exposures in day-care centres situated in the Ekurhuleni District. 
 
METHODOLOGY 
A cross-sectional analytical study was conducted in the three sub-districts of Ekurhuleni District. 
Eighteen day-care centres were randomly selected. Blood lead samples were taken from children 
aged between two and five years of age by a trained registered nurse. A structured self-
administered questionnaire was completed by parents and legal guardians of the child participants 
to measure the risk factors associated with exposure. Lead concentrations of objects (toys, 
furniture, surfaces, and playground equipment) in day-care centres were measured using the 
Thermo Scientific Niton XL2 Analyser. Data were captured on Excel, and thereafter, transferred 
to version 25 of IBM Statistical Package for Social Sciences (SPSS) for analysis. The researcher 
obtained scientific and ethical clearance from the University of Johannesburg to conduct the 
research and received permission from the City of Ekurhuleni to access the research sites and 
participants. The ethical clearance was noted from the Ekurhuleni District Research Committee.  
 
RESULTS 
Blood lead levels in the total sample ranged from 3.3 µg/dL (microgram per decilitre) – 20.2 
µg/dL. The central tendency of the blood lead levels demonstrated an arithmetic mean of 5.3 µg/dL 
(95% CI: 5, 86 µg/dL – 4,74 µ/dl) and a median of 4.6 µg/dL. Forty-two percent (42%) of the 
children in the study had blood lead levels above the international reference level of ≤ 5 µg/dL. 
The total lead concentration in the sampled objects ranged from ‘too low to detect’ to 5.29 mg/cm2. 
The maximum reading was more than five times higher than the international reference level of  
≤ 1 mg/cm2. The mean and median lead concentration levels were 1.11 mg/cm2 and 1 mg/cm2 
respectively. The bivariate analysis showed that gender, having a rented or owned home, 





This study is the first report on blood lead levels in children aged two to five years in the country 
and the Ekurhuleni District and provides evidence that children are exposed to lead in both the 
home environment and day-care centres. The study also demonstrates that blood lead levels in 
children have decreased in South Africa, but also supports the evidence available to show that low- 
and middle-income-countries (LMIC) still need to strengthen measures in place and the 
enforcement and monitoring of legislation available to prevent the vulnerable groups from being 
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ORIENTATION OF THE STUDY 
1.1. INTRODUCTION 
This chapter outlines the orientation of the study and the study framework, and provides a brief 
background of childhood lead exposure.  
1.2. BACKGROUND  
Lead exposure is toxic to all humans and is especially harmful to young children as their organs 
and their immune systems are not yet fully developed (Wani et al., 2015). Children who are 
exposed to lead usually have physical and mental health problems such as hearing loss, poor 
intellectual performance and hyperactivity (Lui et al, 2014; Tong et al., 2000; Mathee et al., 2005 
& ACCLPP, 2012). Elevated blood lead levels in children are usually associated with the child’s 
surrounding environment. The aim of the research was to evaluate the level of childhood exposure 
to lead by assessing blood lead levels in children and environmental exposures in day-care centres 
situated in the Ekurhuleni District. 
1.3 CONCEPTUALISATION OF THE PROBLEM 
The danger to public health from lead in the environment continues to be a concern, as subtle 
effects of the element on intelligence quotient (IQ) and behaviour have potentially widespread 
significance (Liu et al., 2013). Acute and chronic exposure in children usually occurs from lead in 
the children’s surroundings (Wani et al., 2015). There is a need for comprehensive research 
programmes to identify sources and risk factors in local settings to prevent exposure. The 
availability of scientific evidence for the identification of high-risk groups, sites, items, and 
practices concerning lead exposure will facilitate the necessary development of source control 
legislation and ensure lead-free zones for children. Children attending day-care centres spend a 
significant amount of time at the facility, thus it is very important that the day-care environment 
is kept free from lead to prevent exposure. This was the first study (according to the researchers’ 




1.4. STUDY DESIGN AND METHODS 
An analytical cross-sectional study was conducted in the Ekurhuleni District. The study was 
conducted in the period of 1 October 2018 to 30 June 2019. Ekurhuleni District has a total of 263 
day-care centres which are registered with the Gauteng Department of Health, with a total of 9217 
children aged between 0-5 years. The study was conducted in the three Sub-Districts in Ekurhuleni 
District. Six day-care centres were randomly selected in each Sub-District (a total of 18 for the 
District).  
A minimum of ten objects (wooden and plastic toys, chairs, walls, crayons, outdoor playing 
equipment) were randomly sampled in each day-care centre for the measurement of lead 
concentrations. The X-Ray Fluorescent (XRF) Analyser was used to measure the concentration of 
lead on painted surfaces, toys, furniture and other objects. The instrument detected the amount of 
lead in substances by exposing the object to high energy radiation that causes lead to release  
x-rays at a frequency. The x-rays released were detected and converted to the number that 
represented the concentration of lead in mg/cm2. Analysis of each object took about 60 seconds.  
Blood samples were taken from children in all day-care centres that were randomly sampled for 
environmental sampling. Children from the day-care centre with blood lead levels below 5 µg/dL 
were used as a control group. A professional nurse registered with the South African Nursing 
Council (SANC), trained and experienced in taking blood samples from children conducted the 
finger prick tests to obtain two drops of blood. The samples were then analysed using the Lead 
Care II Analyser (used for screening purposes only). The United States of America (USA) Food 
and Drug Agency (FDA) compared the Lead Care II system with the graphite furnace atomic 
absorption spectrometry (GFAAS), which is the system used by laboratories to test for lead in 
blood and found that the results produced were accurate (Sobin et al., 2011). Children with blood 
levels of ≥5 µg/dL were referred to their nearest primary health care clinic for further management. 
Disposable sampling medical consumables such as surgical gloves, needles, cotton wools, and 
more, and personal protective clothing and equipment were used to ensure compliance with 
infection prevention and control standards. Medical waste was segregated into the correct 
containers at the point of generation. All medical waste generated was collected by a certified 
service provider for incineration. Structured questionnaires were given to parents or legal 
guardians to complete and return to the day-care centre the next day. Quantitative data were 
collected using a questionnaire which was adapted from a study which had been conducted in 
South Africa (Mathee et al., 2005).  
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The researcher was granted approval from the University of Johannesburg Higher Degrees 
Committee (HDC) and the Research Ethics Committee (REC); further ethical approval from the 
university REC for non-therapeutic research involving minors (Appendix 9) was also granted. 
Permission was also granted from the Gauteng Provincial Health Research Committee and 
Ekurhuleni District Research Committee by making an application on the National Health 
Research Database. In addition, permission from the management of the eighteen day-care centres 
(Appendix 1) and the City of Ekurhuleni Department of Health and Social Development 
(Appendix 7) was obtained. 
1.5 STATEMENT OF THE PROBLEM 
Lead is one of the most harmful environmental toxic metals in children, especially toddlers 
(Hauptman et al., 2017). Children are exposed to lead at home, on playgrounds and in day-care 
centres or schools. Lead exposure can affect learning and memory, and the intelligence quotient 
in children, impacting on their quality of life, and academic and economic achievement in 
adulthood. South Africa has implemented control measures to lower lead levels in the 
environment, for example, removal of leaded petrol and paint. However, these control measures 
have not eliminated lead in the environment of children under the age of five years. This study 
sought to establish the lead levels in day-care centres in a local setting. 
1.6 PURPOSE OF THE STUDY 
The aim of this study was to evaluate the level of childhood exposure to lead by assessing blood 
lead levels and environmental exposures in day-care centres situated in the Ekurhuleni District. 
To achieve this aim, the objectives of the study were: 
● to determine the lead concentrations on selected objects found in the Ekurhuleni District day-
care centres; 
● to measure the blood lead levels in children aged between two and five years in the Ekurhuleni 
District day-care centres;  
● to determine the risk factors within the day-care centres and in the home environment 
associated with elevated blood lead levels; and 
● to assess the association between blood lead levels and lead contamination in the day-care 




1.7 LAYOUT OF THE DISSERTATION 
The chapters in which the dissertation was organised, with a concise description of what each 
chapter entails, are listed in Table 1.1 below. 
 
Chapter Content of the chapter 
1. The orientation of the 
research 
The chapter deals with the research problem, purpose, and 
rationale of the study. The research design and methods are 
also briefly discussed. 
2. Literature Review The literature review is discussed in detail. 
3. Study Design and 
Method 
In this chapter the research design and methods are unpacked 
in detail. 
4. Data analysis and 
interpretation 
Data analysis and interpretation of data are discussed.  
5. Discussion of results  Results are discussed in detail. 
6. Conclusions  The study is briefly concluded and limitations to the study are 
discussed. Recommendations are made. 
 
1.8 CONCLUSION 
The chapter briefly gave a background to the issue of childhood lead exposure, the problem to be 
solved was stated, as well as the aim and objectives of the study. The layout of the final report was 
also briefly discussed in table form. 
  








In this chapter the sources of lead contamination, routes of exposure, and health and economic 
effects of childhood exposure to lead are examined in detail. Literature from local and international 
sources on public health implications and interventions to eliminate and control lead exposure with 
a focus on children is discussed. 
2.2. SOURCES OF LEAD CONTAMINATION 
Lead is a blue or silver-grey metal which is toxic and has been used worldwide over thousands of 
years (Winecker et al., 2002). Lead is found in numerous sources in the surrounding environment 
and occupational settings (Mathee, 2014). 
2.2.1. Paint 
Lead in paint has been used to prevent corrosion and has been a source of exposure for many years 
(Dignam et al., 2019). In South Africa, legislation to control the use of lead in paint was 
promulgated in 2010, but there is little evidence to demonstrate compliance by the paint 
manufacturers (Mathee et al., 2018). Lead in paint can be a source of exposure for many decades 
as flaking paint particles from painted objects at schools, playgrounds, and other public areas can 
be inhaled or ingested, especially by children (Montgomery et al., 2005; CPSC, 2018).  
In 2008 a survey of lead in paint on play park equipment conducted in three Gauteng 
municipalities, namely Johannesburg, Tshwane and Ekurhuleni showed that lead paint was used 
in the children’s play equipment (Mathee et al., 2009). Similar equipment is used in day-care 
centres. The XRF lead concentration levels found in this survey ranged from undetectable to 
10.4mg/cm2. The lead paint levels were assessed against the international reference level of 
1mg/cm2. South African regulations relating to lead paint (January 2019) are still in draft form 
(NDoH, 2019). 
Most developed countries have legislation to limit the use of lead in paint, but studies have shown 
that there is ongoing use of lead in paint (O’Connor et al., 2018a). Previous studies have 
demonstrated that in low-and middle-income countries the paint used in homes and schools 




Lead in petrol has been a source of exposure to lead for decades all over the world (Mathee, 2014). 
The use or production of leaded petrol was discontinued in South Africa in 2006; thus, leaded 
petrol is no longer a major source of exposure (Mathee et al., 2007; Mathee 2019). However, soil 
and dust contaminated by leaded petrol still can be a source of exposure, especially where 
businesses or hobbies, such as the repair and maintenance of cars, are carried out at home (Tong 
et al., 2000; Kootbodien et al., 2012). Children are more vulnerable to exposure to soil and dust 
as they spend most of their time playing in gardens or exposed to dust in the home environment 
(Mathee et al., 2005; Frank et al., 2019). Since 2006, most of the African countries banned the 
sale of leaded petrol to the public (O’Connor et al., 2018b). This step aided in the reduction of 
blood lead levels of children who lived very close to busy roads and were at greater risk of being 
exposed to lead through inhalation of emissions produced by motor vehicles (Mbongwe et al., 
2010; Mathee, 2019). 
2.2.3. Occupational exposure related sources 
Adults who work in lead producing companies, the mining industry, spray-painting workshops 
and construction sites can transport lead particles on their skin or hair, personal protective clothing 
and equipment, and their motor vehicles to the home environment (Gebrie et al., 2014; Kim et al., 
2014). Motor vehicles repairs, jewellery manufacturing, spray painting and repairing electronic 
appliances such as cell phones, computers and television sets by using lead solder may also expose 
family members to lead if done at residential premises (Nakhaee et al., 2019). The use of the home 
environment for conducting businesses is a common practice in South African township 
communities due to the lack of formal jobs and funding for formal business premises. This can 
also lead to contamination of the home environment (Teare et al., 2015). 
2.2.4. Soil 
During the renovation of buildings dust containing lead can be produced and released into the air 
and inhaled (Montgomery et al., 2005; Lucus, 2013).Children may be exposed to lead by being in 
contact with contaminated soil, either by direct ingestion of soil, or indirectly by ingesting fruit, 
vegetables and other forms of contaminated food, and inhalation of contaminated dust (Mathee et 
al., 2018). Young children are at risk of being exposed more to lead through soil, as they love 
playing in this kind of environment and due to their hand to mouth behaviour (Mathee et al., 2018; 
Mathee et al., 2018; Hussain et al., 2017 ). 
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2.2.5. Traditional medicine and cosmetics 
The use of traditional medicines such as Ayurvedic medicines is a common practice in both 
children and adults all over the world (Dargan et al., 2008; Mathee et al., 2015). In 2012 it was 
reported that about eight children were admitted to a Durban hospital in South Africa with severe 
lead poisoning caused by ingestion of Ayurvedic medicines which were imported from India 
(Mathee et al., 2015). Kajal, a form of makeup or eyeliner believed to protect the eyes and improve 
eyesight in children, is commonly used in India, North America, the Middle East and some parts 
of Africa, has been found to contain excessive amounts of lead (Tiffany-Castiglioni et al., 2012; 
Mohta, 2010; Naeem et al., 2018). In Nigeria, a similar product called “Tiro” is also applied onto 
children’s eyelids and was found to contain about 82.6% lead (Centres for Disease Control and 
Prevention (CDC), 2012). 
2.2.6. Products used by children’s (toys, equipment and furniture) 
Lead in the environment exists in numerous man-made materials to which children are exposed 
(CPSC, 2018). Children may be exposed to lead through flaking paint on painted toys (Mathee et 
al., 2007; Margot et.al., 2014). The Ekurhuleni District Environmental Health Services reported 
that in most instances, painted toys, furniture, surfaces and other painted objects in day-care centres 
had lead concentrations exceeding 600 ppm (higher than the reference level), after conducting 
routine inspections using the XRF Analyser (Mogosi et al., 2016). A study conducted in India in 
2016 also showed that toys made of plastic, rubber, and cloth were observed to have XRF readings 
above 90 ppm (Dutta et al., 2016) . 
2.2.7. Exposure to cigarette smoke and ash 
Studies have shown that children can be exposed to lead by second-hand smoke from tobacco 
products, and the ingestion of cigarette ends can also expose children to lead, especially those who 
suffer from pica, causing the eating of cigarette ends and ashes (Apostolou et al., 2012; 
Pourkhabbaz et al., 2012; Mathee et al., 2014). Tobacco has been shown to contribute to the 
accumulation of metals such as lead in the soil environment (Ahamed et al., 2010; Georg et al., 
2020). 
2.2.8. Electronic waste (e-waste) and other sources 
Electronic waste (e-waste) refers to technological waste (Perkins et al., 2014). Electronic waste 
does not only contain lead as a hazardous substance, but it also contains other metals such as 
cadmium, mercury and other substances ( Needhidasan et al.,2014). The use of technology such 
as personal computers, tablets, cell phones and other entertainment electronic devices has 
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increased exponentially over the past decade. The amounts of these devices that need to be 
discarded are concomitantly increasing  (Widmer et al., 2005; Baldé et al., 2017).  
Cottage industries such as recycling of batteries and soldering of electronic equipment, for 
example, television sets, can also contribute to the inhalation of lead fumes (Gottesfeld et al., 2018; 
Gottesfeld and Pokhrel, 2011). The transboundary movement of electronic waste is regulated by 
the 1989 Basel Convention as e-waste is considered to be hazardous to human health and the 
environment (Khan, 2016). The Department of Environmental Affairs amended the National 
Waste Management Act in 2014 to enable the establishment of the Waste Management Bureau 
which manages the recycling, export and import of electronic waste  in South Africa (Bartl, 2014). 
2.2.9. Lead in general air 
In September 2015 the Heads of States affiliated with the United Nations adopted the 2030 Agenda 
which included seventeen (17) Sustainable Development Goals (SDGs) to guide countries in 
eradicating poverty and hunger and protect the planet (United Nations, 2012). Goal 3 of the SDG’s 
seeks to ensure good health and wellbeing of people of all ages for the present and future 
generations (United Nations, 2015). The provision of an environment that is safe for all humans 
and other living organisms is detailed on the SDG 3 which includes the substantial reduction of 
the number of illness and deaths caused by exposure to hazardous chemicals and air, water and 
soil pollution (South African Department of Statistics, 2019).One of the key challenges noted by 
the Agenda 2030 was both ambient and household air pollution (Adesina et al., 2020).The National 
Air Quality standards for pollutants such as particulate matter (PM10) including lead and other 
chemicals were gazetted in 2009 (DEA, 2009). However, the challenges associated with air 
pollution are still not yet resolved in South Africa’s high-risk areas such as industry, mining, motor 
vehicle manufacturing and repair industry and domestic burning of fuels (DEA, 2013). 
2.3. ROUTES OF LEAD EXPOSURE IN CHILDREN 
Lead can be inhaled, ingested or absorbed through the skin (Wani et al., 2015). Children who have 
a habit of chewing their nails or sucking their fingers may have an increased risk of ingesting 
particles (Mathee et al., 2007). Children’s hand to mouth habits may lead to ingestion of particles 
of lead from toys, flaking paint, dust, soil, furniture and other objects (Olympio et al., 2009; Jain 
et al., 2013). Children’s absorption of lead via the gastrointestinal tract is higher than in adults, 
due to lead being absorbed in the small intestine more easily (Keramati et al.,2013). Lead 
absorption is also increased in children who have an iron deficiency (Bradman et al., 2001). Most 
of the inhaled lead is absorbed by their bodies due to their higher respiratory frequency (Sanders 
et al., 2009). Absorption of the inhaled particles is also dependent on the size of the particle 
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inhaled, and the age and gender of the child (Rissler et al., 2017). There is minimal exposure to 
lead through the skin for children, especially now that tetra-ethyl lead has been removed from 
petrol (Rădulescu et al., 2019). Dermal absorption is more likely in people who work with organic 
lead or materials that contain lead (Semple, 2004). 
2.4 ELEVATED BLOOD LEAD LEVELS AND CHILDREN 
Children’s blood lead levels have declined worldwide, especially after the removal of lead in petrol 
which was one of the greatest sources of exposure (Attina and Trasande, 2013; Kim et al., 2017). 
Approximately 2.6 % of children aged 1-5 years old in the USA had blood lead levels which were 
≥ 5 µg/dL between 2007 and 2010 (McClure, Niles and Kaufman, 2016). The above-mentioned 
blood level exceeded the reference level which was the level recommended by the CDC for health 
care workers and authorities to act to prevent further exposure. Blood lead levels have shown a 
decline in developed countries such as the United States of America, the average blood lead level 
currently is around 3 µg/dL, which shows a significant decrease from levels found in the 1970s 
(Jones et al., 2009). An observation study among children at risk of lead exposure in the USA 
found that 38.5% of children studied had blood lead levels ≥ 5 µg/dL  (McLaine et al., 2013). 
While a study conducted in China found that 8 % of pre-school children aged 3-5 had blood lead 
levels of above 10 µg/dL (Liu et al., 2012). Twenty-four percent (24%) of children aged 3-7 years 
in a Thailand study conducted recently in a fishing community found blood lead levels above the 
international reference level of ≥ 5 µg/dL (Yimthiang et al., 2019). 
A cross-sectional study in a Botswana city found 5% of the children aged one to six years had 
levels higher than 10 µg/dL (Mbongwe et al., 2010). Blood lead levels for children living in lead 
mining communities are higher than those that are not living in non-mining communities (von 
Schirnding et al., 2003). In the town of Zamfara in Nigeria, about 25% of children under the age 
of five years died in 2009 due to lead poisoning (Ajumobi et al., 2014). Their blood lead levels 
exceeded 100 µg/dL (Ajumobi et al., 2014; Kaufman et al., 2016). A study conducted during 2007 
to 2008 conducted in Johannesburg, Kimberley and Cape Town among school-going children in 
grade 1 showed that children in low-income communities and those using traditional medicines 
(74%) had blood lead levels above 5 µg/dL; while 25% of the total sample had blood lead levels 
equal to or above 10µg /dl (Mathee et al., 2013). In 2012, South African school children aged 
between six and fourteen years in Western Cape fishing villages had blood lead levels ranging 
between 2.2 to 22.4 µg/dL, and 74% of the total sample had blood lead levels above the reference 
level of 5 µg/dL (Mathee et al., 2013). Another study conducted in three suburbs in the Cape 
Peninsula in South Africa showed that blood lead levels of children aged between five and eleven 
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years ranged from 1 to 24.5 µg/dL, and the total sample had a mean blood lead level (6.4 µg/dL) 
above the current reference level (Mathee et al., 2006). Thus, in South Africa and similar LMIC, 
BLLs are still high. 
Studies in high-income countries show that children from these countries have lower blood lead 
levels when compared with low- to middle-income countries (McLaine et al., 2013; Prihartono et 
al., 2019). Children in low- and middle- income countries are at greater risk of exposure to lead 
due to the lack of information at community level on prevention of exposure to children, and the 
continued use of lead in certain products, such as paint and petrol, and failure to develop, 
implement and monitor regulatory frameworks (Kordas et al., 2018; LeBrón et al., 2019). 
 
2.5. HEALTH EFFECTS OF CHILDHOOD LEAD EXPOSURE 
There is no blood lead level that is considered safe in humans, especially in children (Canfield et 
al., 2003; Lanphear et al., 2005; WHO,2017). Lead exposure can affect most of the organs of the 
body, making diagnosis difficult (Saeed et al., 2017). The main organ systems that are affected are 
the nervous system, cardiovascular, gastrointestinal, endocrine, renal, immune, reproductive, and 
haematological systems (Wani et al., 2015; Sharma et al., 2014). High doses of acute exposure can 
cause symptoms of poisoning in children; such as drowsiness, exhaustion, convulsions, permanent 
muscular paralysis, coma, and eventual death may occur at high lead concentrations of 100 µg/dL 
and above (Assi et al., 2016; Canfield et al., 2005). Children who survive acute lead poisoning 
generally have permanent deficits in their neurological development (Sanders et al., 2009;Reuben 
et al., 2017). 
 
Table 2.1: Blood lead levels and health effects 
 




100 -Severe brain damage 
-Severe anaemia 
50 -Severe stomach cramps 
40 -Decreased haemoglobin synthesis 







Table 2.1 shows the health effects associated with different blood lead levels in children. Lead 
easily crosses the blood-brain barrier (Sanders et al., 2009). The half-life of lead in the brain tissue 
is approximately two years. At levels of 10 µg/dL, lead can cause a reduction of the intelligence 
quotient (IQ) and poor academic performance (Lanphear et al., 2005; Bellinger, 2008; Pan et al., 
2017). At lower blood lead concentrations (<5 µg/dL), studies have shown behaviour 
abnormalities including aggression, decreased self-control and an increased risk of developing 
hyperactivity disorders and inability to concentrate and thus lower academic achievement (Lidsky 
and Schneider, 2003). However, the CDC recommends an action if a patient’s blood lead level is 
≥ 5 µg/dL (Gilbert and Weiss, 2006).  
2.6 PUBLIC HEALTH IMPLICATIONS 
Childhood lead exposure has health, social and economic implications for children that have been 
exposed to lead (Ernhart, 2006; Lanphear et al., 2005). Lead exposure during early childhood years 
may have a smaller impact on children’s behaviour, but it does have adverse behavioural effects 
on teenagers and young adults who were exposed to lead in their early childhood (Bellinger et al, 
2016). A connection between childhood lead exposure and future criminal activity, especially of 
a violent nature, exists (Gould, 2009). A cohort of young adults that were examined from 
childhood showed high arrest rates of young adults who had elevated blood lead levels as children 
(Wright et al., 2008). Increased childhood lead exposure also correlates with social and emotional 
function (Lui et al., 2014). Lead exposure is also linked to risky behaviour; a study conducted in 
2008 showed that blood lead levels above 20 µg/dL were linked to repeated teenage pregnancies 
in low-income communities (Lane et al., 2008). 
Lead exposure represents a major contributory factor in children’s intellectual disability in many 
low-income and middle-income countries (Attina et al., 2013). Children’s loss of intelligence 
quotient (IQ) impacts on their future earnings potential as the loss of IQ affects their school 
performance and can lead to them not attaining higher education qualifications and professional 
jobs (Attina et al., 2013; Grosse et al., 2002). In a cohort study conducted in New Zealand between 
30 -Increased risk of hypertension in adulthood 
20 -Increased nerve conduction velocity  
10 -Reduced intelligence quotient (IQ) 
-Poor academic performance 
 -Behavioural abnormalities such as aggression 
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1972 and 1973, children who were exposed to lead in their early childhood had lower IQ’s, lower 
cognitive function and socio-economic status at 38years (Reuben et al., 2017). 
2.7. PUBLIC HEALTH STRATEGIES TO ERADICATE AND CONTROL LEAD 
EXPOSURE 
World leaders came together in 1989 to make a historic commitment to children. They decided to 
protect and fulfil every child’s rights by adopting an international legal framework – the United 
Nations Convention on the Rights of the Child (UNICEF, 1989).  
Contained in this treaty is the view that children are individuals with their own rights. Therefore, 
children must be allowed to grow, learn, play, develop, and flourish in safety and with dignity.  
The treaty has inspired governments to change and pass laws and policies to ensure that more 
children get the health care and nutrition they need to survive and develop, and stronger safeguards 
were put in place to protect children.  
Against this backdrop it is deemed appropriate to take a close look at strategies to ensure children 
are safety-guarded against dangerous substances. 
 
2.7.1. The South African strategies, international strategies, and the United States of 
America’s strategies 
As introduction to this discussion, the strategies applied in South Africa to counter the negative 
effects of lead deposits in the environment are compared to those of the USA and other 
international strategies. These are depicted in Table 2.2 below. 
South African strategies United States of American and International 
strategies 
1986 – Reduction of lead concentrations 
in petrol 
1978 – Lead paint banned 
2006 – Leaded petrol phased out 1986 – Ban of lead in plumbing 
2010 – Promulgation of Regulations to 
limit the use of lead in paint  to 600 ppm 
1999 – Lead-safe housing rule adopted 
2019 – Draft regulations to further reduce 
the concentration of paint to 90 ppm were 
sent out for public comment 
1991 – Reference blood lead level set at 10 
µg/dL 
Table 2.2: The global and USA Strategies and South African Strategies 
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 1995 – The use of lead- soldered cans for food 
banned and limits on bottled water and certain 
food ingredients established 
2004 – The Environmental Protection Agency 
(EPA) designated lead as a hazardous air 
pollutant 
2005 – EPA classified lead as a hazardous 
substance under the Clean Air Act 
 2005 – EPA sets 1.5 µg/m2 ambient air lead 
standards 
2008 – Lead in toys and other children’s 
products limited to 90 ppm 
2012 – Reference blood lead level set at 5 µg/dL  
 
Table 2.2 summarises the South African (SA) strategies, international strategies, and the United 
States of American strategies to eliminate lead exposure. In comparison with numerous 
international actions against lead pollution, South Africa has implemented only two strategies to 
fight lead poisoning and lower childhood blood lead levels. From 1986 the use of maximum petrol 
lead concentration allowed in petrol was reduced in phases; in 2006 unleaded petrol was 
introduced and South Africa started the phase-out of leaded petrol (Mathee et al., 2007). 
Furthermore, internationally the use of lead in paint was banned way back in 1978, while SA only 
promulgated legislation to control the use of lead in paint as recently as in 2010 (Mathee, 2014). 
According to Mathee, these lead exposure prevention strategies in South Africa were implemented 
too late and are patchy compared to the international trends;  SA strategies have lacked the holistic 
and inter-sectorial approaches required to improve children’s perilous exposure to lead (Seedat et 
al., 2009).  
Paint containing lead for use in residential places was banned in 1978, but paint used in older 
houses remains a source of lead exposure (Leafe et al., 2015). The United States of America 
introduced legislation to eliminate the use of lead in paint intended for use in children’s products 
such as toys, furniture, dishes or cookware in 2008 (Dignam et al., 2019). Studies conducted 
showed that imported toys contained excessive amounts of lead (Schmidt, 2008). The USA 
Residential Lead-Based Paint Hazards Reduction Act of 1992 required the Environmental 
Protection Agency (EPA) to develop regulations relating to lead-based paint inspection of 
residential buildings built before 1978 (Korfmacher and Hanley, 2013). The Act also enforced that 
lead paint be removed from homes by lead-safe certified service providers. Leaded petrol was 
banned in 1995 with the exception of petrol used in air crafts and racing cars (Oudijk, 2010). The 
use of lead-soldered cans for food was banned and limits for lead levels on bottled water and 
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certain food ingredients were established by the Food and Drug Agency (FDA) in 1995 (Abadin , 
Ashizawa & Stevens , 2002).  
The blood lead safety level was determined at 10 µg/dL in the USA by the Centre for Disease 
Control and Prevention (CDC) in 1991 (Bernard, 2003). The action level was further decreased to 
5 µg/dL in 2012. This set level is now used to identify children living in areas that pose a high risk 
to childhood lead exposure and who are in need of primary prevention measures such as follow-
up testing, tracking, education, and referral for treatment (Ettinger et al., 2019). Apart from setting 
the reference level, the Centre for Disease Control and Prevention has a surveillance programme 
which collates data on blood lead levels, and which triggers an action to protect children from 
exposure and runs lead screening plans for young children (Bernard, 2003; Ettinger et al., 2019). 
2.7.2 International / global activities  
The 1989 Convention of the Rights of a Child and the 1992 Agenda 21 adopted by the United 
Nations Conference of Environment and Development both addressed the need to protect children 
from toxic chemicals including lead (MacDonald, 2006). The Basel Convention was adopted by 
the United Nation States to restrict the trade and disposal of hazardous waste between developed 
and underdeveloped and developing countries (Agbor, 2016). The 2006 Declaration of Brescia on 
the Prevention of the neurotoxicity of metals recommended the elimination of tetra-ethyl lead from 
petrol supply of all countries (Landrigan et al., 2007). The World Health Organisation (WHO) and 
the United Nations Environment Programme (UNEP) formed an Alliance in 2011 and drafted an 
operational framework to Eliminate Lead Paint (Foos et al., 2016). In 2009, the 2nd International 
Conference on Chemicals Management under the Strategic Approach for International Chemicals 
Management (SAICM) endorsed a global partnership to promote the phasing out of lead paint. 
The SWITCH Asia Lead Paint Elimination Project targeted seven (7) Asian Countries; 
Bangladesh, India, Sri Lanka, Nepal, China, Thailand, the Philippines and Indonesia (Weinberg 
and Clark, 2012). The SWITCH – Asia and GEF Africa project promoted sustainable manufacture 
and use of lead-free paint to contribute to the global efforts to eliminate leaded paint (Clark et al., 








1989 Convention of the rights of the child 
1989 Basel Convention restricts the trade of hazardous waste between developed 
and underdeveloped countries 
1996 Organisation for Economic Co-operation and Development Declaration on 
Lead Risk Reduction 
1992 Agenda 21 adopted by the United Nations Conference of Environment and 
Development 
1997 Declaration of the Environment Leaders of the Eight on Children’s 
Environmental Health 
1999 International Conference on Lead Poisoning Prevention and Treatment 
2002 World Summit on Sustainable Development held in Johannesburg, South 
Africa. Countries agreed to phase out lead in paint 
2002 Bangkok Statement on Children’s Environmental Health 
2005 Declaration of Del Plata 
2006  Declaration of Brescia on the prevention of neurotoxicity of metals 
2009 The 2nd International Conference on chemicals management formed a 
partnership to promote the phasing out of lead paint 
2011 The Global Alliance to Eliminate Lead Paint was formally launched 
2012 – 
2015 
SWITCH- Asia Lead Paint Elimination Project 
2014 – 
2017 
Global Environment Facility (GEF) UNEP Lead Paint Elimination project in 
Africa 
 
South Africa endorses the Agenda 21, Basil Convention, and Brescia Declaration on prevention 
of neurotoxicity of metals, the Del Plata Declaration, International Chemicals Management 
(SAICM), and World Summit on Sustainable Development Goals, and participated in the Global 
Environment Facility (GEF) UNEP Lead Paint Elimination Project in Africa. 




The main lead exposure in South Africa in children may still be in paint. Children spend a lot of 
time at day-care centres and thus any source of exposure at a day-care centre should be identified 






RESEARCH DESIGN AND METHODOLOGY 
 
3.1 INTRODUCTION 
This chapter clarifies the methodology and the rationale behind the research methods and 
techniques used in the study, including an elucidation of the research population, sampling, data 
collection, pilot study, reliability and validity, ethical considerations and statistical analysis plan.  
3.2 PURPOSE OF THE STUDY 
This study was aimed at evaluating the level of childhood exposure to lead by assessing blood lead 
levels and environmental exposures in day-care centres situated in Ekurhuleni District.  
3.2.1 Objectives of the Study 
The study objectives were: 
 To determine the lead concentrations of selected objects found in the Ekurhuleni District 
day-care centres; 
 to measure the blood lead levels in children aged between two and five years in the sampled 
Ekurhuleni District day-care centres;  
 to determine the risk factors within day-care centres and in the home environment 
associated with elevated blood lead levels;  
 to assess the association between blood lead levels and lead contamination in the day-care 
centre environment after controlling for confounders. 
3.3 RESEARCH POPULATION 
At the time of the study (2019), the Ekurhuleni District had a total of 263 day-care centres which 
were registered with the Gauteng Department of Health, caring for a total of 9 217 children aged 
between one and five years old. The study was conducted in the three Sub-Districts in Ekurhuleni 
District. In this study, the population consisted of children aged between two and five years, 
attending day-care centres in the Ekurhuleni District. 
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3.4 SAMPLING AND SAMPLE 
The study was limited to day-care centres in the three sub-districts of Ekurhuleni District. Six day-
care centres were randomly selected in each sub-district to ensure that the results would be equally 
distributed among the three sub-districts. Thus, in the selected eighteen (18) day-care centres 
measurements of lead concentrations on toys, furniture, painted surfaces, and other articles were 
collected. A minimum of ten objects per day-care centre were randomly sampled.  
The expected sample size for each day-care centre was calculated using the Slovene’s formula of 
n=N/ (1+Ne2) where ‘N’ was the population size and ‘e’ the prevalence value (Susanti et al., 2019). 
The formula was used to ensure proportional distribution of the number of participants in the day-
care centres. For the number of children for blood lead level testing, the total population of 
included children was =580, α = 0.05, odds and β = 0.08, the expected sample size was 237. The 
power of the sample size was 0.09. All the children aged 2 to 5 years were given consent forms 
and questionnaires in the day-care centre where the principals permitted the researcher to present 
the study to the parents. Only thirteen day-care centres allowed the blood samples to be taken and 
questionnaires to be completed. All the children aged between 2 and five years in each of the 
thirteen randomly selected day-care centres formed part of the sample. Only children with signed 
consent forms were eventually included in the study. 
Table 3.1 below shows the randomly selected day-care centres and the number of children in each 
day-care centre aged two to five years, the expected sample size and the number of participants 












Table 3.1 Number of participants per day-care centre 
Day-care 
centre 
Total number of 
children in day-
care 







Number of participants 
(Blood lead levels)  
A 54 47 21 (45%) 19 (40%) 
B 30 28 17 (61%) 15 (54%) 
C 54 47 8 (17%) 3 (6%) 
D 54 47 14 (30%) 9 (19%) 
E 33 30 16 (53%) 12 (40%) 
F 24 23 12 (52%) 7 (30%) 
G 12 11 4 (36%) 0 
H 18 15 15 (100%) 3 (20%) 
I 47 42 21 (50%) 17 (40%) 
J 33 30 12 (40%) 0 
K 35 32 4 (13%) 2 (6%) 
L 60 52 12 (23%) 0 
M 24 23 10 (43%) 7 (30%) 
N 16 11 0 0 
O 29 27 0 0 
P 15 14 0 0 
Q 24 23 0 0 
R 22 21 0 0 
TOTAL 580 237 167 (70.5%) 86 (36.3%) 
Or 51.5% of those 




3.5. RESPONSE RATE 
The response rate for the questionnaires was 70%, while only 36% had their blood lead levels 
samples taken due to day-care centre principals, parents, and legal guardians of the participants’ 
fear of infection during the blood taking process and the HIV stigma. The day-care centres in the 
North Sub-District withdrew their consent to take part in the study, without explaining.  
3.6 DATA COLLECTION 
Data collection was done in October 2018 to June 2019 through a questionnaire (completed by 
participants’ parents/guardians), the measuring of the lead levels of objects in the areas under 
investigation, and finger-prick blood lead sampling on study participants. 
3.6.1 Questionnaires 
The quetionnairs were designed in English and were not translated to other local languages as most 
of the parents indicated that they were fluent in English during the presentation of the study to the 
parents of the participants. The self-administered structured questionnaires were given to parents 
or legal guardians of the participants who volunteered to participate in the study. Quantitative data 
were collected using a questionnaire (Appendix 5) which was adapted from a study conducted in 
South Africa in 2005 (Mathee et al., 2005a). The questionnaire requested information on 
demographic characteristics, health and diet, housing, and social aspects of the participants. 
Presentations were done by the researcher to explain the purpose of the study and the questionnaire 
to the parents or legal guardians at all participating day-care centres. The parents or guardians of 
the participants completed the consent forms and the questionnaires themselves at home and 
returned them in sealed envelopes to the day-care centre the next day. Completed questionnaires 
were collected by the researcher from the day-care centres. They were checked for completeness 
and if clarity was required, the researcher contacted the parents telephonically. Only questionnaires 
which were completed 80% or more were accepted for analysis. All questionnaires were coded to 
maintain privacy and confidentiality. 
3.6.2 Measuring of lead levels on objects 
Day-care centres were randomly selected for the measuring of lead levels. The Thermo Scientific 
NITON XL2 XRF (x-ray fluorescence) Analyser was used to measure the concentration of lead 
on painted surfaces (walls, equipment on the playgrounds), toys, furniture, and other objects. The 
operator was protected from radiation by a cover in front of the X-ray machine. The instrument 
was chosen because it has previously been used in local occupational and environmental settings 
(Mathee et al., 2009; Kootbodien et al., 2012; Mathee et al., 2018; Gorce et al., 2016). The 
instrument detected the amount of lead in substances by exposing the object to high energy 
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radiation that caused lead to release x-rays at a specific frequency. The x-rays released were 
detected and converted to the number that represents the object’s level of lead in mg/cm2. Lead 
levels were measured against the United States of America’s Environmental Protection Agency 
reference level of 1mg/cm2. Analysis of each object took about 60 seconds. The machine had a 
cover to protect the user from radiation. A data collection form was completed for each day-care 
centre which included a description of the object that was sampled and the readings to ensure that 
the researcher had the correct information for each participating day-care centre. The day-care 
centres were coded on the control sheet, the name of the day-care centre was not used in 
publications to ensure that privacy is maintained. Day-care centre principals were given verbal 
feedback and written reports explaining the results and for them to implement recommendations 
where applicable.  
3.6.3. Finger prick blood-lead sampling 
Finger prick blood samples were taken from each child in all day-care centres where the parents/ 
guardians had signed informed consent forms. A professional nurse registered with the South 
African Nursing Council (SANC), who was trained and experienced in taking finger-prick blood 
samples from children took samples using the Lead Care II blood lead test kit. The following 
procedure was followed for testing the blood lead levels using the Lead Care II test kits: 
1. The reagent tube was labelled with the patient’s name and unique identification number. 
2. Holding the heparinized capillary tube almost horizontally with the green band on top, the 
tube was filled up to the 50µL black line (about two drops of blood). When blood reached 
the black line, the filling was stopped. 
3. Excess blood was cleaned off the capillary tube using a lead-free clean alcohol swab, a 
downward motion was used to wipe. 
4. The capillary tube was inspected for proper filling to ensure that there were no gaps or 
bubbles in the tube 
5. The cap of the treatment reagent tube was removed and placed on a clean surface facing 
up, not allowing the inside of the cap to touch anything, to prevent the sample from 
becoming contaminated. 
6. The full capillary tube was discharged into the labelled treatment reagent tube, the cap of 
the tube was replaced, and the reagent was thoroughly mixed with the blood sample by 
inverting the tube eight to ten times. 
7. The sample was ready for testing once it turned brown. 
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8. A sensor was removed from the sensor container. The container was immediately closed, 
and the sensor was grasped at the end without the black bars. 
9. The sensor was inserted completely into the analyser with the black bars facing up. When 
the sensor was fully inserted, the analyser beeped and displayed a message on the right 
side. 
10. A drop of the sample was placed on the sensor and the nurse had to wait for 180 seconds 
for the analyser to complete the analysis. 
11. The analyser beeped once the analysis was completed and displayed the results. 
12. The result was recorded on the data capture sheet for each day-care centre. 
 
Disposable sampling medical consumables such as surgical gloves, needles, cotton wool, and 
more, and personal protective clothing and equipment were used to ensure compliance with 
infection control standards. Medical waste was segregated into the correct containers at the point 
of generation. All medical waste generated was collected by a certified service provider for 
incineration.  
The use of the Lead Care II Kit (finger-prick test) resulted in less discomfort compared to taking 
venous blood samples from the children, and was more acceptable to the children. The United 
States of America (USA) Food and Drug Agency (FDA) had compared the Lead Care II system 
with the graphite furnace atomic absorption spectrometry (GFAAS) which is the system used by 
laboratories to test for lead in venous blood and found that the results produced were accurate 
(Mason et al., 2019). The Lead Care II Analyser detects lead levels of ≥ 3.3 µg/dL to 65 µg/dL 
(Ellis et al., 2013). Blood lead level results were categorised into three categories, where category 
1 was blood lead levels below 5 µg/dL, category 2 was blood lead levels between 5 µg/dL and 9.9 
µg/dL and category 3 was blood lead levels equal to and above 10 µg/dL. Children with blood 
levels equal to or above 5 µg/dL were referred to their nearest primary health care clinic for further 
management. This was done after consulting the child’s parent or legal guardian.  
3.7 LIMITATIONS OF THE STUDY 
The parents and guardians of the children completed the questionnaires on their own at home and 
might have misinterpreted some of the questions. The day-care centre principals were consulted 
on the language that is usually used for communication at the day care centres before comencement 
of data collection. Most of the parents understood English as a language. Two colleagues tested 
the questionnaire for possible variations in interpretation before the study commenced. 
Presentations were done to explain the procedures, risks and benefits of the study, questionnaire 
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requirements, and to ensure that parents make an informed decision prior to giving consent. 
Telephone numbers and e-mail addresses of the researchers were also provided for the participants 
to seek further information on the study. However, the potential for recall bias existed. The 
researcher contacted the parents or guardians of the children where she sensed recall bias to verify 
the responses. 
Some of the parents and guardians of the participants refused that their children participate in the 
study (taking of blood samples to test for lead), due to the minor risks associated with taking blood 
samples. This decreased the expected sample size. Five of the day-care centre principals also 
refused permission for the children in the day-care centre to participate in the finger-prick blood 
lead level tests, but allowed the researcher to measure lead concentrations on toys and surfaces. 
The sample size from which data were collected therefore was very small, as the day-care centres 
and children that did not participate fully could not be compared with those that allowed blood-
lead level tests to be done, as that might have led to biased results. 
The study was a cross-sectional study and only allowed the researcher to collect data at a single 
point in time, thus only information on current exposure is available. The researcher would have 
to do a follow-up study to determine whether any changes occurred afterwards. The findings 
cannot be generalised to other districts or provinces, due to differences in the numbers of 
inhabitants, levels of development and terrestrial landscapes.  
3.8 PILOT STUDY 
A pilot study was not done as the questionnaire was adapted from a study that had been conducted 
in 2005, and in other later studies (Mathee, 2005b; Mathee et al., 2006; 2013; Naicker, Mathee 
and Barnes, 2013). The questionnaire was piloted, as two colleagues tested it for variances in 
understanding in October 2018.  
3.9 DATA ANALYSIS 
The data were analysed by the researcher with the assistance of the University of Johannesburg 
Statkon Division. The questionnaires, blood lead level results and surface and object lead 
concentration results (XRF readings) were entered on a Microsoft Excel spreadsheet (2016) for 
coding and data cleaning purposes, and thereafter imported into version 25 of the IBM SPSS 
Statistics program for analysis. Descriptive analyses of means, medians and interquartile ranges 
were calculated for all continuous variables and percentages were presented for categorical 
variables in this study. To assess the relationships between the individual independent variables 
(socio-demographic, environmental and behavioural risk factors) and blood lead levels (dependent 
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variable) univariable analyses were conducted. Where necessary, the Pearson chi-squared test, 
Fisher’s exact test, the proportionality test, and two sample student t-test tests and analysis of 
variance (ANOVA) tests were used to assess associations. In the case where a continuous variable 
does not meet the assumptions for t-tests, a non-parametric equivalent of t-test was employed (cf. 
Cindi, Mbonane and Naicker, 2020). Only a few variables were found to be significant to elevated 
blood lead levels in the bivariate analysis. The variables that had a p-value of ≤ 0.2 in the univariate 
analyses were included for multiple regression analysis. A p-value of 0.05 in the multiple 
regression analyses was considered significant. 
 
3.10 RELIABILITY AND VALIDITY 
The Lead Care II Analyser used to analyse the blood lead levels was calibrated according to the 
manufacturer’s instructions to ensure that the results were reliable and accurate. The Thermo 
Scientific NITON XL2 Analyser that was used for measuring lead concentrations on objects and 
surfaces was calibrated according to the manufacturer’s instructions to ensure that the results were 
accurate (ThermoFisher Scientific, 2011). The questionnaire had been validated in previous 
studies (Mathee, 2005b). 
3.11. ETHICAL CONSIDERATIONS 
 
Ethics refers to the accepted moral principles that guide the rules and expectations regarding 
subjects and respondents in research. A code of ethics generally is a prerequisite for recognition 
of study findings. 
3.11.1 Permission 
The researcher got approval from the University of Johannesburg (UJ) Higher Degrees Committee 
(HDC) and the Research Ethics Committee (REC) for conducting the study; further ethical 
approval was gained from the university REC for non-therapeutic research involving minors 
(Appendix 9). The UJ Ethics Committee is a registered REC that has been granted permission in 
writing to exercise the Minister’s delegated power to approve research that includes non-
therapeutic components and involves children. Permission was also granted by the Gauteng 
Provincial Health Research Committee and Ekurhuleni District Research Committee (Appendix 
10), following an application submitted on the National Health Research Database (NHRD No. 
201801_041). The researcher was granted permission to conduct the study by the management of 




3.11.2 Informed consent and assent 
The researcher requested parents’ or legal guardians’ consent and that of day-care centre principals 
(Appendix 3 and 4) before the study commenced. Presentations were done for the parents and 
principals of the day-care centres to explain the research project and to ensure that they could make 
an informed decision prior to taking part in the study. The information letter and consent forms 
were sent to the parents to be returned the next morning by their children. Furthermore, the 
researcher requested assent (Appendix 2) from the children (the children provided a palm print to 
indicate their assent) prior to taking blood samples. The assent form was read to the child by a 
registered nurse who was trained in counselling children and each was asked whether he or she 
wanted to participate while his/her behaviour was monitored for willingness to participate. 
Children who refused (in any way, orally, through crying, shaking their heads, and pulling away 
their arms during withdrawal of blood), even if they had previously given their assent and had their 
parents’/guardians’ consent to participate, were excluded from the project. The participants could 
withdraw at any time without giving reasons and no punitive action was taken against them. 
3.11.3. Confidentiality and anonymity 
The information collected was kept private under lock and key. Confidentiality was maintained by 
allocating identification numbers to the participants. Only the researcher and supervisors had 
access to the information. Information will not be made available to anyone unless it is required 
by law, and no names or other identifying information of participants and child-care centres will 
be revealed in any reports on the study.  
3.11.4. Risks and benefits 
A risk of minor pain on the area where the blood sample was taken, bruising, light-headedness, 
and a minimum risk of infection was possible. Parents/guardians were informed afterwards if their 
child was found to have been exposed to lead, and such children were referred for treatment if 
necessary. Advice also was given to parents/guardians on the prevention of further lead exposure. 
Day-care centres were informed about objects that contained lead levels equal to or above 1 
mg/cm2, in order for the principals to ensure the institution of control measures. All eighteen 
randomly selected day-care centres took part in the lead surfaces and toy concentration survey, but 
only thirteen of the day-care centres agreed for their children to participate in finger-prick blood 
lead-level sampling and questionnaires. Presentations of the research outcomes were done and 
information on childhood lead exposure was provided to the day-care centre principals and parents. 
These presentations created awareness of the prevention and control of lead exposure. Children 
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with blood lead levels of 5µ /dL or more were referred for treatment at their nearest primary health 
care clinic and further investigations were conducted to determine the source of exposure. 
3.12. CONCLUSION 
This chapter was devoted to explanations of the research approach and design, including the 
population, sample, data collection tools and procedures, and data analysis. The aspects of 






FINDINGS, ANALYSIS, AND INTERPRETATION 
4.1 INTRODUCTION 
In Chapter 3 the research design and methodology were explained. The researcher conducted a 
quantitative and descriptive study. In this chapter attention will be made to the data analysis and 
interpretation. Results of the blood lead level tests, the completed questionnaires and XRF lead 
concentration level tests are discussed in detail.  
X-Ray Fluorescence surface readings were done in all eighteen day-care centres selected for 
participation. An average of ten (10) items (toys, furniture, playground equipment and painted 
surfaces) per centre were tested for lead. The questionnaire was completed by 167 participants in 
all three the sub-districts of Ekurhuleni. Out of the 167 participants only a total of 86 capillary 
blood lead level samples were successfully obtained from two sub-districts (East Sub-District and 
South Sub-district). There were no blood lead level samples taken in the North Sub-district due to 
budgetary constraints and the day-care centre principals not allowing the researcher to present 
blood lead sampling procedures, risks and benefits to the parents or legal guardians of the 
participants.  
4.2. BLOOD LEAD LEVELS 
Blood lead level ranges taken in the Ekurhuleni District are summarised in Table 4.1. Blood lead 
levels in the district (total sample) ranged from ≥ 3.3 µg/dL to 20.2 µg/dL. The mean blood lead 
level in the total sample was 5.3 µg/dL ( above  the reference level of 5 µg/dL)  (standard deviation 
+/- 2.6), while the median was 4.6 µg/dL.  Lead levels were stratified into three categories, where 
category 1 indicated blood lead levels >5 µg/dL, category 2 indicated levels of ≥5 to 9.9 µg/dL, 







East 5.5 4.7 3.3 – 20.2 
South 5.1 4.4 3.3 – 10.7 
North - - - 
Total  5.3 4.5 3.3 – 20.2 




Figure 4.1 shows the percentages of blood lead levels per category in the East sub-district, South 
sub-district, and the total district sample. In the East sub-district the highest percentage (39%) of 
children with blood lead levels equal to or above 5 µg/dL (category 2) were found, and 3% of the 
blood lead levels were equal to or above 10 µg/dL (category 3). The South sub-district sample had 
33% of participants with levels between 5 µg/dL and 9.9 µg/dL, and 8% of the participants had 
blood lead levels equal to or above 10 µg/dL. In the total sample it was found that 36% participants’ 
blood lead levels fell in category 2, and 6% in category 3. 
  
 Figure 4.1: Percentages of blood lead levels per category 
 
The Shapiro Wilk test was used to determine whether blood lead levels were normally distributed, 
and revealed that blood lead levels were significantly skewed to the right (p < 0.000). The Kernel 









































 Figure 4.2: Blood lead levels: Kernel Density plot 
 
The central tendency measurements of blood lead levels demonstrated an arithmetic mean of 1.43 
µg/dL (95% CI: 1.36 µg/dL to 1.62 µg/dL) and a median of 1.49 µg/dL. The variance of the data 
showed a range of 3.3 to 20.2 µg/dL, an interquartile range of 1 µg/dL, and a standard deviation 
of 0.609 µg/dL. Based on the skewness (0.847) and kurtosis (0.514), the most appropriate central 
tendency would be the median and the measure of the spread of the interquartile range.  
East sub-district 
As shown in Table 4.2, day-care centre C had the highest median blood lead level (11 µg/dL); all 
three the children that were tested had blood lead levels ≥ 5 µg/dL, with the minimum and 
maximum blood lead levels at 8.6 and 20.2 µg/dL respectively. Day-care centre M had the second-
highest median blood lead level at 5.6 µg/dL, and blood lead levels ranging from 3.3 to 11.4 µg/dL. 
Six of the seven children tested for lead in day-care centre M had blood lead levels of ≥ 5 µg/dL. 
Day-care centre B had a median blood lead level of 5 µg/dL, and blood lead levels ranging from 
3.3 µg/dL to 10.9 µg/dL. Day-care centre A had the lowest median (3.8 µg/dL), and blood lead 
levels ranged from 3.3 µg/dL to 7.5 µg/dL. Only two out of sixteen (13%) children had blood lead 
levels above the reference level of ≥ 5 µg/dL at day-care centre A. No blood samples were taken 

















Blood lead level 
≥ 5 µg/dL 
N (%) 
A 4.1 3.8 1.2 3.3 7.5 2 (13%) 
B 5.3 5 2.1 3.3 10.9 7 (47%) 
C 13.2 11 6.1 8.6 20.2 3 (100%) 
D 4.9 4.8 1.9 3.3 8.6 2 (29%) 
M 6 5.6 3.3 3.3 11.4 6 (86%) 
Q - - - - - - 
 
South sub-district 
Table 4.3, shows the day-care centres with elevated blood lead levels in the South sub-district. 
Day-care centre E had the highest median of 4.8 µg/dL, blood lead levels ranging from 3.3 to 8.5 
µg/dL, and eight out of the eleven children tested had blood lead levels of ≥ 5 µg/dL. Six (6) out 
of seven children in day-care centre I had blood lead levels ≥ 5 µg/dL and blood levels in the day-
care centre ranged from 3.3 to 9.3 µg/dL. Two out of seven children in day-care centre F had blood 
lead levels of  ≥ 5 µg/dL. In day-care centres H and K no children were found with elevated blood 
lead levels.  No blood lead level samples were taken at day-care centre N. 
Day-care 
centre 
Mean Median Standard 
deviation 
Min Max Blood lead level 
≥ 5 µg/dL 
N & % 
E 4.9 4.8 1.9 3.3 8.5 8 (72%) 
F 4.4 4.2 1.1 3.6 6.7 2 (29%) 
H 3.3 3.3 0.5 3.3 3.3 0 
I 4.9 4.5 1.6 3.3 9.3 6 (35%) 
K 4 4 - 4 4 0 
N - - - - - - 
 Table 4.2: Elevated blood lead levels in the East sub-district 
Table 4.3: Elevated blood lead levels in the South sub-district 
 
31 
4.3. SOCIO-DEMOGRAPHIC INFORMATION OF THE PARTICIPANTS 
Table 4.4 provides the socio-demographic characteristics of the participants. Most of the children 
who participated were from the East sub-district (55%) and 45% were from the South sub-district. 
The median age was three years. Children aged two years had the highest proportion with blood 
lead levels ≥ 5 µg/dL at 53% compared to five-year-old children at 50% and three-year-old 
children at 48%. Female children had the highest proportion with blood lead levels ≥ 5 µg/dL at 
67% compared with males at 47%. Forty-nine per cent (49%) of the participants who lived with 
only one parent had the higher proportion of blood lead levels ≥ 5 µg/dL when compared with 
those living with both parents (42%), and those living with a relative (38%). A high percentage of 
children who lived in a home with a household income of less than R3 000 per month (50%), and 
those that lived in owned homes (47%) had blood lead levels of ≥ 5 µg/dL.  
The results of the significance tests done on blood lead levels and socio-demographic factors 
showed that all variables listed in Table 4.4 were not significantly associated with blood lead 
levels, except for the child’s gender (p < 0.030) and the child’s rented or owned home (p < 0.036). 
The North sub-district was excluded as there were no blood lead level tests done. 
 











South sub–district 38 (45% 22 (58%) 16 (42%)  
East sub –district 48 (55%) 28 (58% 20 (42%)  
Total  86 (100%) 50 (58%) 36 (42%) 0.656 
Age 
2 years 19 (22%) 9 (47%) 10 (53%)  
3 years 31 (36%) 16 (52%) 15 (48%)  
4 years 30 (35%) 21 (70%) 9 (30%)  
5 years 6 (7%) 3 (50%) 3 (50%)  
Table 4.4: Association between socio-demographic characteristics of the participants and 
blood lead levels  
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Total 86 (100%) 49 (57%) 37 (43%) 0.296 
Gender 
Female  43 (50%) 29 (67%) 14 (33%)  
Male  43 (50%) 20 (47%) 23 (53%)  
Total 86 (100%) 49 (53%) 37 (47%) < 0.030* 
Mother’s education 
Primary school 2 (2%) 1 (50%) 1 (50%)  
Some secondary school 14 (16%) 7 (50%) 7 (50%)  
Grade 12 35 (41%) 18 (51%) 17 (49%)  
1-Year Certificate  22 (26% 15 (68%) 7 (32%)  
Degree 10 (12%) 6 (60%) 4 (40%)  
Other 3 (3%) 2(67%) 1(23%)  
Total 86 (100%) 49 (53%) 37 (37%) 0.925 
Father’s education 
Primary school 23 (26%) 16 (74%) 7 (26%)  
Some secondary school 16 (19%) 9 (56%) 7 (44%)  
Grade 12 28 (33%) 14 (50%) 14 (50%)  
Certificate  10 (12%) 6 (60%) 4 (40%)  
Degree 9 (10%) 5 (56%) 4 (44%)  
Total 86 (100%) 49 (53%) 37 (37%) 0.664 
Child staying with 
Mother and father 33 (39%) 19 (58%) 14 (42%)  
One parent only 37 (43%) 19 (51%) 18 (49%)  
Relative 13 (15%) 8 (62%) 5 (38%)  
Guardian 1 (1%) 1 (1%) 0  
Other  2 (2%) 2(100%) 0  
Total 86 (100%) 49 (53%) 37 (37%) 0.810 
Household income 
R0 – R3000 44 (53%) 22 (50%) 22 (50%)  
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R3001 – R8000 23 (30%) 13 (57%) 10 (43%)  
R8001 – R10000 13 (11%) 10 (77%) 3 (23%)  
More than R10000 6 (67%) 4 (67%) 2 (33%)  
Total 86 (100%) 49 (53%) 37 (47%) 0.637 
Home ownership 
Rented 12 (14%) 10 (83%) 2 (17%)  
Owned 74 (87%) 39 (53%) 35 (47%)  
Total  86 (100%) 49 (53%) 37 (47%) < 0.036* 
Type of housing 
House 76 (88%) 44 (58%) 32 (42%)  
Flat 2 (2%) 1 (50%) 1 (50%)  
Informal settlement  5 (6%) 2 (40%) 3 (60%)  
Other  3 (3%) 2 (2%) 1 (1%)  
Total  86 (100%) 49 (53%) 37 (47%) 0.933 
Type of fuel for heating the home 
 
Electricity  81 (94%) 45 (56%) 36 (44%)  
Other type of fuel 5 4 (80%) 1 (20%)  
Total  86 (100%) 49(57%) 37 (43%) 0.781 
Type of fuel for cooking 
 
Electricity 86 49 37  
Total 86 (100%) 49(57%) 37 (43%) 0.682 
* <0.005 statistically significant 
4.4. HOUSING AND ENVIRONMENTAL FACTORS ASSOCIATED WITH ELEVATED 
BLOOD LEAD LEVELS 
Table 4.5 shows the environmental factors associated with elevated blood lead levels. Children 
who lived in another area before the study commenced had a higher proportion of elevated blood 
lead levels at 57% compared to those who stayed in the same area with elevated blood lead levels 
at 40%. Participants who relocated from the village had the highest proportion of elevated blood 
lead levels at 83% compared to those who relocated from a town (33%), township (45%) and those 
who lived in the same area all their life (40%). The three children (100%) who lived next to an 
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industrial area had elevated blood lead levels. All the environmental factors listed in Table 4.5 
were not significantly associated with blood lead levels in the bivariate analyses.  
 
Table 4.5: Housing and environmental factors associated with elevated blood lead levels 
 Variable 
 
Number of responses 









Child relocated from 
A town or city 3 (4%) 2 (67%) 1(33%)  
A village 6 (7%) 1 (17%) 5 (83%)  
Township  9 (11%) 5 (55%) 4 (45%)  
Has lived here all 
his/her life 
68 (79%) 41 (60%) 27 (40%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.185 
Child attended another day-care centre previously 
Yes  27 (31%) 17 (63%) 10 (37%)  
No  59 (69%) 32 (54%) 27 (46%)  
Total 86 (100%) 49(57%) 37 (43%) 0.702 
Home next to the following areas 
Mining dump 4 (5%) 2 (50%) 2 (50%)  
Industrial area 3 (3%) 0 3 (100%)  
Scrap yard 2 (2%) 1 (50%) 1 (50%)  
Landfill site 12 (14%) 6 (50%) 6 (50%)  
Other  65 (76%) 40 (62%) 25 (38%)  
Total  86 (100%) 49(57%) 37 (43%) 0.264 
Type of plumbing 
Plastic  64 (74%) 35 (55%) 28 (45%)  
Metal 22 (26%) 13 (59%) 8 (41%)  
Total  86 (100%) 49(57%) 37 (43%) 0.809 
Paint peeling from the inside of the home 




4.6. BEHAVIOURAL FACTORS 
In Table 4.6. the participants’ responses to behavioural factors are listed. Forty-six percent (46%) 
of the children who usually played outside their homes had elevated blood lead levels (≥ 5 µg/dL). 
Fifty percent (50%) of the children who indicated that they had someone spray painting cars in 
their household had elevated blood lead levels. Children whose parents or legal guardians indicated 
that they were not aware of their child having pica for soil and sand had blood lead levels  
≥5 µg/dL. All the behavioural factors as listed in Table 4.6 were not significantly associated with 
elevated blood lead levels.  
Variable 
 






≥ 5 µg/dL 
N (%) 
P value 
Where the child plays after school 
Inside the house  29 (34%) 17 (58%) 12 (42%)  
Outside the house  46 (54%) 25 (54%) 21 (46%)  
Street 11 (13%) 7 (64%) 4(36%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.307 
Occupations involving lead 
No 49 (57%) 27 (55%) 22 (45%)  
Don’t know 3 (3%) 2 (67%) 1 (33%)  
Total 86 (100%) 49(57%) 37 (43%) 0.842 
Paint peeling from the outside of the home 
Yes 37(43%) 20 (54%) 17 (46%)  
No 45 (52%) 26 (58%) 19 (42%)  
Don’t know 4 (5%) 3 (75%) 1 (25%)  
Total 86 (100%) 49(57%) 37 (43%) 0.728 
Painting, decorating, or renovation done in the past year 
Yes 41 (47%) 22 (54%) 19 (46%)  
No 43 (50%) 26 (60%) 17 (40%)  
Don’t know 2 (3%) 1 (50%) 1 (50%)  
Total 86 (100%) 49(57%) 37 (43%) 0.957 
 
Table 4.6: Participants response to behavioural factors 
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Yes  18 11 (61%) 7 (39%)  
No  68 38 (56%) 30 (44%)  
Total  86 49 (57%) 37 (43%) 0.061 
Child’s behaviour 
Child is hyperactive 
Yes 47 (55%) 24 (51%) 23 (49%)  
No 30 (35%) 17 (57%) 13 (43%)  
Don’t know 9 (10%) 8 (89%) 1 (11%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.086 
Child chews his/her nails 
Yes 50 (58%) 27 (54%) 23 (46%)  
No 30 (35%) 17 (57%) 13 (43%)  
Don’t know 6 (7%) 5 (83%) 1 (17%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.751 
Pica for painted objects 
Yes 38 (44%) 24 (63%) 14 (37%)  
No 37 (43%) 20 (54%) 17 (46%)  
Don’t know 11 (13%) 5 (45%) 6 (55%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.653 
Pica for cement/plaster 
Yes 9 (10%) 3 (33%) 6 (67%)  
No 65 (76%) 40 (62%) 25 (38%)  
Don’t know 12 (14%) 6 (50%) 6 (50%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.389 
Pica for sand/soil 
Yes 23 (27%) 13 (57%) 10 (43%)  
No 50 (58%) 31 (62%) 19 (38%)  
Don’t know 13 (15%) 5 (38%) 8 (62%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.288 
Pica for match sticks 
Yes 17 (20%) 10 (59%) 7 (41%)  
No 61 (71%) 36 (59%) 25 (41%)  
Don’t know 8 (9%) 3 (38%) 5 (62%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.470 
Pica for cigarette ends 
Yes 14 (16%) 10 (71%) 4 (29%)  
No 66 (77%) 37 (56%) 29 (44%)  
Don’t know 6 (7%) 2 (33%) 4 (67%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.265 
Domestic and personal hygiene behaviour 
What is used when dusting the home 
Dry cloth 31 (36%) 16 (52%) 15 (48%)  
Damp cloth  55 (64%) 33 (60%) 22 (40%)  
Total  86 (100%) 49(57%) 37 (43%) 0.752 
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What is used for sweeping the home 
A dry broom 40 (47%) 24 (28%) 16 (72%)  
A wet mop (water 
only) 
5 (6%) 4 (80%) 1 (20%)  
A wet mob soaked 
in water and a 
detergent  
41 (48%) 21 (51%) 20 (49%)  
Total  86 (100%) 49(57%) 37 (43%) 0.502 
Frequency of washing hands 
After playing in dusty areas 
Always 50 (58%) 28 (56%) 22 (44%)  
Sometimes  36 (42%) 21 (58%) 15 (42%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.977 
Before eating 
Always 50 (58%) 28 (56%) 22 (44%)  
Sometimes  36 (42%) 21 (58%) 15 (42%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.495 
Before going to sleep 
Always 31 (36%) 18 (58%) 13 (42%)  
Sometimes  43 (50%) 24 (56%) 19 (44%)  
Never  12 (24%) 7 (58%) 5 (42%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.714 
Child often playing in areas where his/her nails get dirty 
Yes 32 (37%) 19 (59%) 13 (41%)  
No 50 (58%) 26 (52%) 24 (48%)  
Don’t know 4 (5%) 4 (100%) 0  
Total  86 (100%) 49 (57%) 37 (43%) 0.402 
Smoking in the child’s home 
Smoker in the household 
Yes  37 (43%) 23 (62%) 14 (38%)  
No  49 (57%) 26 (53%) 23 (47%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.592 
Type of smoking 
Cigarette  35 (92%) 22 (62%) 13 (38%)  
Snuff  3 (8%) 1 (33%) 2 (67%)  
Total  38 (44%) 23 (61%) 15 (39%) 0.993 
Where do they smoke 
Inside  3 (8%) 1 (33%) 2 (67%)  
Outside  25 (62%) 13 (52%) 12 (48%)  
Both inside and 
outside 
12 (30%) 9 (75%) 3 (25%)  
Total  40 (46%) 23 (57%) 17(43%) 0.462 
Child uses traditional medicines 
Yes  25 (29%) 14 (56%) 11 (44%)  
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No  61 (71%) 35 (57%) 26 (42%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.637 
 
4.7. HEALTH OUTCOMES 
All the children (100%) whose parents or guardians indicated that they were not well at present 
had blood lead levels ≥5 µg/dL. Forty percent (40%) of the parents or legal guardians  indicated 
that their children  had health problems which could be related to lead exposure.  
Half of the parents and legal guardians of the participants (50%) believed that lead exposure causes 
health problems, 21% believed lead exposure does not cause health problems and 21% did not 









≥ 5 µg/dL 
N (%) 
p-value 
Child is well at present 
Yes 82 (94%) 48 (59%) 34 (41%)  
No 2 (3%) 0 2 (100%)  
Don’t know 2 (3%) 1 (50%) 1 (50%)  
Total  86 (100%) 49 (57%) 37 (43%) 0.269 
Health problems 
Yes  34 (40%) 20 (59%) 13 (41%)  
No 52 (60%) 29 (56%) 24 (44%)  
Total  86 49 (57%) 37 (43%) 0.057 
 
4.8. X-RAY FLUORESCENT (XRF) RESULTS 
The results of the XRF tests and the lead concentrations on day-care centre objects, as well as the 
effect of the results on BLLs are noteworthy. 
4.8.1 Day-care centre XRF lead distribution (mg/cm2) of objects by sub-district 
Table 4.8 shows the distribution of lead concentrations on children’s toys, painted surfaces such 
as building walls and playground equipment, and children’s furniture by sub-district. The total 
lead concentration sample results ranged from ‘too low to detect’ (TLTD) to 5.29 mg/cm2. The 
maximum reading was over 5 times higher than the international reference level of 1mg/cm2. The 
mean and median lead concentrations were 1.11mg/cm2 and 1mg/cm2 respectively. Of the total 
sample of 142 objects tested in the district , only 9 (6.3%) showed lead concentrations above the 
Table 4.7: Child health outcomes 
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limit. The samples in which lead concentrations measured higher than the limit  of 1mg/cm2 were 
mostly equipment painted with enamel paint. The highest lead concentration reading (5.29 
mg/cm2) was from a wooden table painted with red enamel paint in one of the day-care centres in 










Number of day-care 
centres 
6 6 6 18 
Number of readings 49 55 38 142 
Minimum TLTD* TLTD* TLTD* TLTD* 
Maximum 4.51 5.09 1.47 5.09 
Mean  0.28 0.39 0.9 1.11 
Median  0 0 0 1 
Standard deviation 0.45 1.07 0.31 0.37 
Percentage of 
readings above limit 
(1mg/cm2) 
6.1% 7.3% 5.3% 6.3% 
 
*TLTD: ‘too low to detect’ 
 
4.8.2 X-ray fluorescent results per day-care centre 
X-ray fluorescent results for each day-care centre will be discussed in this section. Table 4.9 gives 
the distribution of lead concentrations on toys, painted surfaces, children’s furniture, and other 
equipment per day-care centre in each of the three sub-districts (East, South and North). Day-care 
centre H, situated in the South sub-district, had the highest percentage (28.6%) of objects with lead 
concentrations above the limit. The lead concentration levels ranged from TLTD (too low to 
detect) to 5.29 mg/cm2. The objects that had lead concentrations above the limit were a wooden 
table painted with red enamel paint and part of a jungle gym in the children’s outside play area 
painted with orange enamel paint. The second highest percentage (20%) of objects with lead 
concentrations above the limit was found in day-care centre I, also situated in the South sub-
district. The lead concentration with a reading of 4.08 mg/cm2 was taken from a table with a 
wooden top painted with green enamel paint. The mean and median were 0.97 mg/cm2 and 0.32 
Table 4.8: Distribution of lead concentrations on objects 
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mg/cm2 respectively. In day-care centre Q, situated in the East sub-district, 14.3% of objects had 
measured lead concentrations above the limit with a mean and median lead concentration of 0.63 
mg/cm2 and 0.68mg/cm2 respectively. The reading of 1.18 mg/cm2 was taken from a swinging 
drum in the outside play area which was painted with red enamel paint. In the North sub-district 
day-care centre, centre L showed the highest percentage (14.3%) of objects with lead 
concentrations exceeding the limit, with minimum and maximum concentrations of TLTD and 
1.27 mg/cm2 respectively. The object with a lead concentration above the limit was a swing drum 




















A 4 TLTD 0.42 0.1 0 0 
B 8 TLTD 0 0 0 0 
C 15 TLTD 4.51 0.43 0.05 13.3 
D 12 TLTD 0.02 0.01 0 0 
M 3 TLTD 0.96 0.47 0.47 0 
Q 7 0.01 1.81 0.63 0.68 14.3 
South Sub-district 
E 15 TLTD 4.07 0.48 0 6.7 
F 9 TLTD 0.14 0.03 0 0 
H 7 TLTD 5.29 0.93 0 28.6 
I 5 TLTD 4.08 0.97 0.32 20 
K 11 TLTD 0.88 0.13 0 0 
N 5 TLTD 0 0 0 0 
North Sub-District 
G 9 TLTD 1.47 0.18 0 11.1 
J 5 TLTD 0 0.8 0 0 
L 7 TLTD 1.27 0.19 0 14.3 
O 5 TLTD 0 0 0 0 
P 10 TLTD 0.04 0.07 0 0 
R 2 TLTD 0 0 0 0 
 
4.8.3. Lead concentrations on day-care centre objects and BLLs 
Eleven of the eighteen day-care centres in the total district sample did not have objects with lead 
concentrations above the limit. Three out of eleven cupboards analysed had lead levels above the 
Table 4.9: X-ray fluorescent results per day-care centre 
 
41 
limit (≥1 mg/cm2) and 73% of the children who attended day-care centres with the above 
mentioned cupboards had blood lead levels of ≥5 µg/dL. Sixty-three percent (63%) of the tables 
analysed had lead levels above the limit and 71% of the children where table lead levels were 
below the limit had blood lead levels ≥5 µg/dL. The painted walls, jungle gyms and toys that were 
analysed with the XRF analyser had lead levels compliant with the international reference level. 
All the object lead levels as listed in Table 4.10 were not significantly associated with elevated 
blood lead levels.  
Object type 
(category 1:  
<1 mg/cm2 & 




















1 12 (52%) 7 (58%) 5 (42%)   
2 11 (48%) 3 (27%) 8 (73%)   




1 14 (42%) 3 (21%) 11 (71%)   
2 19 (58%) 12 (63%) 7 (37%)   




1 27 (84%) 17 (63%) 10 (37%)   
2 5 (16%) 2 (40%) 3 (60%)   




1 63 (100%) 33 (52%) 30 (48%) - - 
Total 
Jungle Gym 
1 17 (100%) 6 (35%) 11 (65%) - - 
Toy 
1 22 (100%) 9 (41%) 13 (59%) - - 
 
Table 4.10: Lead levels per object type 
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*Statistically significant <0.05 
 
Table 4.11 demonstrates the average lead surface results and elevated blood levels in each day-
care centre. Three (3) of the 10 day-care centres (30%) had XRF reading averages above the limit 
(≥ 1 mg/cm2). Day-care centre C had an average XRF reading below the limit and all three child 
participants (100%) had blood lead levels above the limit. One of the three children had the highest 
blood lead level in the district (20 µg/dL). 
Day-care centre H had the highest average of XRF readings which were above the limit, but did 
not have a child with a blood lead level above limit. The day-care centre which had the second 
highest average XRF readings was E, which had 73% of participants with blood lead levels above 
the limit. Day-care centre I also had an average of XRF readings above the limit and 59% of 
children with blood lead levels above the limit. Eighty-six percent (86%) of the participants in 
day-care centre M had blood lead levels above the limit, but the average of XRF readings was 
below limit. Day-care centre B had an average of XRF readings that were too low to detect, but 










≥ 5 µg/dL 
N (%) 
A 0.63 16 (100%) 14 (88%) 2 (12%) 
B 0 15 (100%) 7 (47%) 8 (53%) 
C 0.51 3 (100%) 0 3 (100%) 
D 0.02 7 (100%) 5 (71%) 2 (29%) 
E 2.11 11 (100%) 3 (27%) 8 (73%) 
F 0.09 7 (100%) 5 (71%) 2 (29%) 
H 2.49 2 (100%) 2 (100%) 0 
I 1.06 17(100%) 7 (41%) 10 (59%) 
K 0.28 1 (100%) 1 (100%) 0 
M 0.72 7 (100%) 1 (14%) 6 (86%) 
Total  86 (100%) 45 (52%) 41 (48%) 
 
Table 4.11: Lead surface results (average per day-care centre) and blood lead levels 
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4.9. THE HIGHEST BLOOD LEAD LEVEL MEASURED 
The child with the highest blood lead level (20.2 µg/dL) was a five-year old girl from a day-care 
centre in the East sub-district. Her blood lead level was higher than the mean blood lead level in 
the total district sample (5.3 µg/dL). The child’s parents reported that she had attended other day-
care centres prior to moving to the current day-care centre. The current day-care centre had 13.3% 
of objects and surfaces with lead concentrations above the reference level (1 mg/cm2). Her parents 
also noticed that she often played in areas where her fingernails got dirty. The house where she 
lived has metal plumbing, as well as peeling paint inside and outside of the house. Her parents use 
a dry cloth for dusting the home. Cars are repaired in the yard of the house where the child lived. 
A family member living in the house, smokes inside and outside the house. The child is also treated 
with traditional medicine. 
 
4.10. MULTIPLE REGRESSION  
In the bivariate analysis, only a few variables were found having a significant relevance to elevated 
blood lead levels.  The variables that had a p value ≤ 0.2 were included in the multiple regression 
analysis. These variables were gender, home ownership, XRF reading of tables, XRF reading of 
cupboards, child health conditions, the type of area the child relocated from, lead-related 
occupations, and hyperactivity. However, after the linear regression analyses, none of these 
variables showed a significant association with elevated blood lead levels. 
4.11. CONCLUSION 
In this chapter the results of the investigation were reported in detail. Blood lead level results, x-
ray fluorescent readings of objects and painted surfaces for each day-care centre, socio-economic 









In this chapter the relevant results presented in Chapter 4 are discussed. 
5.1 INTRODUCTION 
This study was aimed at evaluating the level of childhood exposure to lead by assessing blood lead 
levels and environmental exposure in day-care centres in the Ekurhuleni District. Collection and 
analysis of data associated with children’s exposure to lead, such as environmental factors, lead 
levels in day-care centre equipment, and blood lead level sampling played a very important role in 
the research project. With this study the researcher endeavoured to contribute to raising awareness 
of childhood lead exposure among the day-care centre principals and staff, as well as parents and 
legal guardians of the children who participated in the study. Individual information (data) was 
collected for each child participant. Blood lead level samples were collected from each child, and 
object lead level data were collected from the day-care centres that the children attended, and a 
questionnaire to determine the risks of exposure from the child’s home environment were 
completed by their parents or legal guardians. Variables that were significant in the bi-variate 
analysis are discussed in detail and compared to other studies in this chapter as multiple regression 
could not be computed.  
5.2. BLOOD LEAD LEVELS 
In this study, 86 children were successfully tested for lead. The mean blood lead level was  
5.3 µg/dL and blood lead levels ranged from 3.3 µg/dL to 20.2 µg/dL. The median was 4.5 µg/dL. 
The mean blood lead level was above the reference level (≥5 µg/dL) and the median was lower 
than the reference level. Thirty-six percent (36%) of the children had blood lead levels above the 
reference level (≥5 µg/dL) and 6% had blood levels above 10 µg/dL (total of 42% of children with 
elevated blood lead levels).  
The findings of this study support the body of evidence that children’s blood lead levels in low- 
and middle-income countries are still very high, above the reference level (≥5 µg/dL). In Kenya 
children aged between one and five years had blood lead levels ranging from 1-31 µg/dL in 2014 
(Etiang’ et al., 2018). Forty-eight percent (48%) of the child participants had blood lead levels 
above the international reference level (≥5 µg/dL) and 20% had lead levels between 5-9.9 µg/dL 
(Etiang’ et al., 2018). Although the blood lead levels were lower than those in studies conducted 
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in South Africa and other low- and middle-income countries, the mean blood lead level was 
significantly higher than those in high-income countries (Jones et al., 2009). 
This is the first cross-sectional study to determine blood lead levels amongst children younger than 
five-years-old in Ekurhuleni District, a high priority area in terms of air pollution. The mean blood 
lead level and proportion of children with blood lead levels ≥5 µg/dL in this study were lower than 
those of primary school children in subsistence fishing communities in South Africa where 74% 
of the children aged six to fourteen (6 to 14) years had blood lead levels ≥5 µg/dL, and 16% had 
blood lead levels above 10 µg/dL (Mathee et al., 2013). Another South African study conducted 
in three suburbs in the Cape Peninsula, children aged between five and eleven (5-11) years had 
blood lead levels ranging from 1- 24.5 µg/dL, and a mean of 6.4 µg/dL (von Schirnding et al., 
2001). In these two studies, a greater proportion of children had BLLs >5, however, these children 
were older than children in the current study.  
Studies conducted in other LMICs found high blood lead levels amongst preschool children. A 
study in China found elevated blood lead levels amongst preschool children aged 20 to 96 months 
with a mean of 48.9 𝜇g/L (Gao et al., 2017). According to the researchers, the high blood lead 
levels might be contributed to the lack of policies that promote the prevention of lead exposure as 
compared to the policies enabling lead-based industries. This finding was similar to those of 
studies conducted elsewhere in different parts of China (Gao et al., 2001; Cao et al., 2014; Qiu et 
al., 2015). Studies in India and Brazil also laid bare slightly aggregated blood lead levels in 
children younger six (6) years. A study amongst Indian children had a BLL median of 5.8 μg/dl 
(Dhimal et al., 2017), whereas 2.5% of non-exposed Brazilian children had a BLL mean of 13.9 
μg/dL (Olympio et al., 2018). These findings are supported by a review on the prevalence of BLL 
amongst Latin America and Caribbean children (Olympio et al., 2017).  
Studies in high income countries have shown a sustained decline in BLLs in different populations, 
especially in younger children, aged between birth to six years, ensuing in the current low BLLs 
in these countries. An Australian cohort study found a BLL mean of 0.97 μg/dL (Symeonides & 
Vuillermin, 2020). Similarly, McLaine and colleagues found low BLLs with a mean of 4.2 mg/dL 
amongst young children in the USA (McLaine et al., 2013). The low blood lead levels in high-
income countries are attributed to developing and implementing strategies to control lead sources, 
reducing lead emission activities, pro lead-free environmental policies and a holistic public health 
approach to the prevention of lead emissions (Dignam et al., 2019). 
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One of the major findings of the study reported here is the steady decline in the BLLs of South 
African children. Secondly, the blood lead levels found in the objects in the current study are lower 
than those in other LMIC (for example India and Brazil), yet higher than in richer or the so-called 
high-income countries (HICs), such as Australia and the USA. This could be due to the banning 
of leaded petrol, and the introduction of legislation for lead-free domestic paint (Röllin et al., 
2017). Extensive work by research institutions such as the South African Medical Research 
Council to highlight the dangers of aggregate environmental lead levels and to promote the 
prevention of lead emissions in the environment are positive steps in curbing the prevalence of 
high blood lead levels in children. 
 
5.3. DAY-CARE CENTRE OBJECT LEAD LEVELS 
Lead levels were measured on toys, children’s furniture, walls, and play areas in day-care centres. 
One hundred and forty-two (142) objects were tested for lead content. Of these objects 6.3% had 
lead concentrations above the limit (1mg/cm2) and the mean concentration was 1.11 mg/cm2. The 
lead concentrations ranged from too low to detect (TLTD) to 5.29mg/cm2.  The objects that had 
levels above the limit were painted with enamel paint. These results showed a decline in aggregate 
lead levels in equipment used in children’s environments. A previous study conducted in the same 
area showed a higher prevalence (48%) of lead in equipment compare to the current finding of 
6.3%. However, the previous study was conducted in three districts in Gauteng (Ekurhuleni, 
Johannesburg and Tshawe districts) where equipment lead concentrations ranged from TLTD and 
10.4mg/cm2 with a mean of 1,9mg/cm2 and 48% of the equipment had lead concentrations above 
the limit (Mathee et al., 2009).  
The results regarding lead concentrations in equipment support previous findings that enamel paint 
still contains excessively high lead levels. A study conducted in Nigeria found that 96% of new 
enamel paint samples had lead levels exceeding 600 ppm (Clark et al., 2009). Furthermore, studies 
in LMIC have shown that children’s environments, such as residential areas, are contaminated 
with lead (WHO, 2015). A study conducted in the Johannesburg residential area found 20% of 
households to be contaminated by lead (Montgomery & Mathee, 2005). This highlights a need for 
environmental screening for lead and other heavy metals in  environments where children play, 
learn, and live.  
In a study conducted in China, 36% of toys bought online contained lead paint exceeding the 
United States of America Standards, namely 1 mg/cm2 (Shen et al., 2018). In another study 
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conducted in India, 31% of toys, all made of rubber, contained excessive amounts of lead (Dutta 
et al., 2016). There were no toys with lead concentrations above the limit found in the study 
reported on in this dissertation. This might be due to the sampling strategy used, as the toys were 
randomly sampled or provided by the public health action by the Environmental Health Unit of 
the Ekurhuleni Health District. This action of the Health Unit includes environmental screening, 
health education and regular compliance visits. However,  a lack of scientific information on the 
lead concentrations in toys in African countries is a reality; therefore, an urgent need exists for 
public health action, as well as conducting more scientific studies testing the amount of lead on 
toys. 
5.4. ENVIRONMENTAL, BEHAVIOURAL AND HEALTH-RELATED FACTORS 
ASSOCIATED WITH BLOOD LEAD LEVELS 
There are various sources of exposure to lead for children. In the study reported on here, we 
focused on lead levels in the day-care centre environment, lead-related activities in the household 
environment of the child, parent and family member jobs that could potentially contribute to the 
child’s exposure to lead, infrastructure-related factors such as the type of plumbing used in the 
child’s home, and the behaviour and  health status of the child (symptoms related to lead exposure). 
The child participant’s gender, family home ownership status, and tables at the day-care centres 
were associated with elevated blood lead levels in this study. 
One of the major findings in this section of the current study, is that gender was associated with 
elevated blood lead levels in the bivariate analysis, but did not remain significant in our multiple 
regression. Tests showed that 53% of the male participants and 33% of the female participants had 
blood lead levels above the international reference level. Hence, the finding is that being a male 
child is considered a risk factor to elevated blood lead levels. Male children enjoy outdoor 
activities where they might be exposed to environmental lead, hence they might be prone to have 
high blood lead levels (Naicker et al., 2010). Naicker et al.’s finding is similar to studies conducted 
previously on the same group. A study conducted on amongst Chinese preschool children also 
found that gender played a role in the findings regarding lead exposure,  as male children had 
higher blood lead levels compared to female children (Liu, Liu, Wang, McCauley, Pinto-Martin, 
Wang, Li, Yan and Rogan, 2014). This is supported by a retrospective case-control study 
conducted in the USA, where male children aged between two and four (2-4) years were at risk to 
be diagnosed with elevated blood lead levels (Raymond et al., 2009). This finding was similar to 
a study conducted in South Africa, but in older children (aged 13 years old) (Naicker et al., 2010). 
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Previous studies have found numerous housing issues that might have contributed to elevated 
blood lead levels in younger children. These factors include: houses close to lead-emitting 
industries, peeling paint/paint chips, plumbing, type of paint used and age of housing (Kim et al., 
2002; Mathee et al., 2007; Payne, 2008; Stroh et al., 2009). In our study, home ownership was 
associated with higher blood lead levels. Most participants (87%) lived in houses owned by their 
parents or guardians. This is supported by a study in Milwaukee County neighbourhoods (USA) 
that found a correlation between childhood lead levels and home ownership (Lynch and Meier, 
2020). Children who lived in houses owned by their relatives had elevated blood lead levels; no 
reason was given for this finding. In our study we attributed this finding to the growth of middle-
income families and their living in townships (cf. Mashaba and Wiese, 2016). 
Globally, enamel paint has been found to contain high lead levels (Clark et al., 2009). Red enamel 
paint used for decoration purposes has been found to contain approximately 153,000 ppm lead, 
which is equivalent to 15% of the total volume (weight) of the paint (Lin et al., 2009). In the 
current study tables painted in red enamel oil paint had lead levels above the limit (≥1mg/cm2). It 
was found that children in day-care centres that used such tables were prone to have elevated blood 
lead levels. This finding highlights that children’s equipment painted with enamel oil paint is a 
public health concern (O’Connor et al., 2018b).  
 
5.5. PUBLIC HEALTH INTERVENTIONS 
Our study shows that children are still exposed to lead despite the many efforts of public health 
interventions to remove lead from children’s environments, such as the banning of leaded petrol, 
and legislation to limit the use of lead in paint intended for use in residential areas and on children’s 
toys. 
 
Childhood lead exposure prevention and control strategies should target the environments where 
children spend most of their time during the day. The environmental health practitioners (EHPs) 
conducting inspections at day-care centres and schools should continuously provide training on 
lead exposure prevention strategies and control, and control measures that staff, teachers and 
principals should take. In addition to other traditional health awareness issues/topics, health care 
facilities and district health promoters should provide health education on childhood lead exposure 
to all patients that visit the health facilities, especially parents that bring children to the facilities. 
Young children should also be continuously educated to wash their hands frequently, and those 
who are crawling and cannot wash their own hands should be assisted to wash their hands 
frequently to prevent them from ingesting lead particles. 
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The National Department of Health should establish programmes for screening and clinical 
management of children who may be exposed to lead. The programme should prioritise children 
aged one to five years and those that show signs and symptoms of lead exposure. When children 
are tested for lead and their blood lead levels are ≥5 µg/dL, the National Department of Health is 
notified for monitoring purposes. Children who have lead poisoning should be reported as such 
and not merely as “poisoning”. Those who have elevated blood lead levels should also be referred 
to the Environmental Health Practitioners so that proper investigations can be conducted to 
identify the source of exposure.  
The 1971 USA Lead-Based Paint Poisoning Prevention Act which prohibited the use of leaded 
paint in housing funded by the USA government is an important act that contributes to lowering 
the blood lead levels of children aged one to five (1-5) years (Dignam et al., 2019). In South Africa 
government should also speed up the process of approval and implementation of the regulations 
relating to the use of lead in paint which are still in draft form. 
The United States of America’s Renovation, Repair and Painting Program Rules are aimed at 
protecting children and their families from being exposed to leaded paint in residential 
environments where renovations, repairs and painting are done (Dignam et al., 2019). The USA 
government programme requires a certified contractor who must follow lead-safe work practices 
to do renovations, repairs or re-painting of homes, schools or day-care centres. Following the 
implementation of the Department of Housing and Urban Development (HUD) programme to 
provide low-cost housing assistance to needy USA citizens, a study conducted between 2005 and 
2012 found that the blood lead levels of children aged one to five years, who lived with families 
that were on the programme, had decreased (Ahrens et al., 2016). The programme was fully 
implemented in 2010, but the Environmental Protection Agency still plans to train more service 
providers to train and certify contractors by 2020 (EPA, 2019).  The USA Government also has a 
surveillance programme that identifies lead-exposed children and monitors data on elevated blood 
lead levels. Children who are identified to have elevated blood lead levels are followed up, given 
treatment and their parents are provided with information to prevent further exposure (EPA, 2018). 
Australia also has a similar lead surveillance programme that follows up and investigates cases of 
people with blood lead levels ≥5 µg/dL, and due to the programme, it has been proven that the 
blood lead level prevalence in high-risk areas has decreased (NSW Health, 2016). 
 
Another study conducted in Syracuse, New York showed that blood lead levels of children aged 
between one and six years have declined over the past two decades, due to public health 
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interventions put in place by the US Government such as the blood lead level surveillance 
programme, the environmental assessment programmes, and lead abatement legislation (Shao, 
Zhang and Zhen, 2017). 
 
Based on these findings, it is recommended that parents of children who are found to have elevated 
blood lead levels have to be provided with information on how to prevent further exposure. The 
government will have to put strict measures in place to deal with people who contravene the current 
legislation, for example, by imposing fines or imprisonment on companies that do not adhere to 
the current legislation. 
 
Elimination of lead exposure in South Africa will need a multisectoral approach to formulate 
policies and strategies to eliminate childhood lead exposure. For such an approach commitment 
and cooperation are essential from various government departments, such as Social Development, 
Education, Health, Environmental Affairs, Energy and Mineral Resources, the industries 
producing children’s toys, equipment and paint, mining companies, academic institutions, and 
other supporting organisations. 
5.6. STRENGTHS OF THE RESEARCH STUDY 
New data on South African children’s blood lead levels were added to the body of information 
available in the country on the health status of children aged two to five years. Presenting the 
results to the authorities, such as the Department of Health will help to strengthen the 
implementation of corrective measures to reduce lead poisoning in the country. 
5.7. CONCLUSION 
The findings of the study were discussed and put into context by referring to literature and 
comparing the situation with findings of similar studies. It now is clear that high BLLs among 
children are not unique to the districts involved in the study, neither are the causes of such a 
situation typically found in day-care centres for young children.  In the final chapter 






RECOMMENDATIONS AND CONCLUSION 
 
6.1 INTRODUCTION 
The previous chapter elaborated on the discussion of this study against the backdrop of the existing 
literature. This chapter summarises the results of the study. Recommendations are made and future 
research is briefly discussed. 
6.2. OBJECTIVES OF THE STUDY 
To start off this section, the objectives of the study will be reiterated to recall the aim of the study 
and to ensure the objectives have been achieved. 
6.2.1 Objective 1 
The first objective for the study was to determine the lead concentrations on selected objects found 
in the Ekurhuleni District day-care centres. 
The results of the study showed that lead concentrations on play-area equipment and other objects 
in day-care centres had lead concentrations above the reference limit of >1mg/cm2. 
6.2.2. Objective 2 
The second objective set was to measure the blood lead levels in children aged between two and 
five years in the Ekurhuleni District day-care centres. 
The results here showed that 42% of the children participants had blood lead levels above the 
reference level of ≥ 5 µg/dL. 
6.2.3. Objective 3 
In the third place the researcher had to determine the risk factors within day-care centres and in 
the home environment associated with elevated blood lead levels. 
The x-ray fluorescent measurement test was used, and results showed that 6.3% of the toys and 
other objects in the day-care centres had lead concentrations of above the reference level. The 
children were also exposed to lead at home. Children may have been exposed to lead in other day-
care centres as 67% of the children’s parents reported that the children had attended other day-care 
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centres before moving to their current day-care centre. Sixty-three percent (63%) of the children 
were hyperactive. Forty-three percent (43%) of the participants also reported that there was a 
smoker living in the home where the child lived. 
6.2.4. Objective 4 
The final objective was geared to assess the association between blood lead levels and lead 
contamination in the day-care centre environment after controlling for confounders. 
The gender of the participant, home ownership where the child lived, and X-ray fluorescence 
results for tables were significant variables in the bivariate analysis. A linear regression analysis 
was computed for all variables with a p value ≤ 0.2, but none of the variables remained significant.  
6.3 RECOMMENDATIONS 
Based on the findings of the study, and taking cognisance of previously conducted studies reported 
in literature, the researcher now is confident to make the following recommendations.  
6.3.1 Routine screening programmes 
Routine lead screening programmes should be implemented at primary health care level for young 
children aged one to five years for children in communities at a high risk of lead exposure, 
especially poorer communities. Older children should also be included in the screening 
programmes if they are suspected to have been exposed to lead. A study conducted in the USA in 
Philadelphia also showed that the lead screening programmes assisted in lowering blood lead 
levels of children aged birth to fifty-nine months who had elevated blood lead levels above 5µg/dL 
(Leafe et al., 2015). 
6.3.2 Continuous education  
Continuous awareness programmes should be conducted for health professionals, day-care centre 
personnel, teachers, parents and legal guardians of children, and the community at large. Those 
who are exposed to lead at work or having lead-related businesses should be continuously trained 
on prevention measures to prevent children and other members of the family from being exposed 
to lead. This will assist in preventing, controlling and managing childhood exposure to lead. 
6.3.3. Environmental monitoring 
Environmental Health Practitioners at local authority level should regularly monitor the sources 
of lead exposure for children, especially in day-care centres and schools, as these are the areas 
where children spend most of their time. 
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6.3.4. Policies and strategic guidelines 
The National Department of Health should join forces with other stakeholders to develop policies 
and strategic guidelines for the prevention, control and monitoring of lead poisoning, especially in 
children. 
6.4. FUTURE RESEARCH PROJECTS 
(i) A study to assess the role of industry in the prevention and control of childhood lead exposure 
is required. This should determine the workers’ level of awareness of the prevention of lead 
exposure to family and community members and the role of industry in educating their staff. 
(ii) Research ought to be conducted to assess the knowledge and practices of health professionals 
such as environmental health practitioners, health promoters, doctors and nurses regarding 
childhood exposure and lead poisoning. 
This can be done to measure lead concentrations on different types of toys and children’s furniture. 
The researcher would like to conduct more research on children’s different types of toys as most 
of the day-care centres only had wooden toys. 
6.5. CONCLUSION 
This study is the first report on blood lead levels in children aged two to five years in the country 
and in the Ekurhuleni District, and provides evidence that children are exposed to lead in both the 
home environment and day-care centres. The study  demonstrates that blood lead levels in children 
have decreased in South Africa, but also supports the evidence available to show that developing 
countries still need to strengthen measures in place and enforcement and monitoring of legislation 
available to prevent the vulnerable groups from being exposed to lead. 
A short summary of the report to each of the research objectives was given. The recommendations 
to the South African government and other stakeholders were briefly discussed. Potential future 
research projects were also briefly mentioned. 
The researcher endeavoured through this study to make a contribution to the knowledge available 
on the prevalence and causes of high BLLs in children in South Africa, as it has become essential 
to counter the occurrence of the detrimental effects lead exposure holds for children. Children are 





Abadin H, Ashizawa A, Stevens YW,  et al. (2002) “Toxicological Profile for Lead,” in ATSDR’s 
Toxicological Profiles. CRC Press. doi: 10.1201/9781420061888_ch106. 
Abrahams, P. W. (2002) “Soils: their implications to human health,” Science of The Total 
Environment, 291(1), pp. 1–32. doi: https://doi.org/10.1016/S0048-9697(01)01102-0. 
Adesina, A. Piketh,S. Qhekwana, M. Burger,M.Language, B. Mkhatshwa, G. (2020).Contrasting 
indoor and ambient particulate matter concentrations and thermal comfort in coal and non-coal 
burning households at South Africa Highveld, Science of The Total Environment,Volume . ISSN 
0048-9697. accessible from: 
www.sciencedirect.com.ujlink.uj.ac.za/science/article/pii/S0048969719343943 
Agbor, A. A. (2016) “The Ineffectiveness and Inadequacies of International Instruments in 
Combatting and Ending the Transboundary Movement of Hazardous Wastes and Environmental 
Degradation in Africa,” African Journal of Legal Studies, 9(4), pp. 235–267. doi: 
10.1163/17087384-12340010. 
Ahamed, M. et al. (2010) “Blood lead levels in children of Lucknow, India,” Environmental 
Toxicology. doi: 10.1002/tox.20476. 
Ahrens, K. A. et al. (2016) “Housing assistance and blood lead levels: Children in the United 
States, 2005-2012,” American Journal of Public Health, 106(11), pp. 2049–2056. doi: 
10.2105/AJPH.2016.303432. 
Ajumobi, O. O. lamid. et al. (2014) “High concentration of blood lead levels among young 
children in Bagega community, Zamfara - Nigeria and the potential risk factor.,” The Pan African 
medical journal, 18 Suppl 1(Supp 1), p. 14. doi: 10.11694/pamj.supp.2014.18.1.4264. 
Apostolou, A. et al. (2012) “Secondhand tobacco smoke: A source of lead exposure in US children 
and adolescents,” American Journal of Public Health, 102(4), pp. 714–722. doi: 
10.2105/AJPH.2011.300161. 
Assi, M. A. et al. (2016) “The detrimental effects of lead on human and animal health.,” Veterinary 
world, 9(6), pp. 660–71. doi: 10.14202/vetworld.2016.660-671. 
Attina, T. M. and Trasande, L. (2013) “Economic costs of childhood lead exposure in low- and 
middle-income countries.,” Environmental health perspectives, 121(9), pp. 1097–102. doi: 
10.1289/ehp.1206424. 
Baldé, C. Forti, V. Kuehr, R. Stegmann, P. The Global E-Waste Monitor 2017: Quantities, Flows 
and Resources; United Nations University (UNU): Bonn, Germany. ISBN E: 978-92-808-9054-9 
Bartl, A. (2014) “Moving from recycling to waste prevention: A review of barriers and enables,” 
Waste Management & Research, 32(9_suppl), pp. 3–18. doi: 10.1177/0734242X14541986. 
Bellinger, D. C. (2008) “Very low lead exposures and children’s neurodevelopment.,” Current 
 
55 
opinion in pediatrics, 20(2), pp. 172–7. doi: 10.1097/MOP.0b013e3282f4f97b. 
Bellinger, D. C., Matthews-Bellinger, J. A. and Kordas, K. (2016) “A developmental perspective 
on early-life exposure to neurotoxicants.,” Environment international. Netherlands, 94, pp. 103–
112. doi: 10.1016/j.envint.2016.05.014. 
Bello, O.; Naidu, R.; Rahman, M.M.; Liu, Y.; Dong, Z. (2016). Lead Concentration in the Blood 
of the General Population Living Near a Lead–Zinc Mine Site, Nigeria: Exposure Pathways. Sci. 
Total Environ. 542, 908–914 
Bernard, S. M. (2003) “Should the Centers for Disease Control and Prevention’s Childhood Lead 
Poisoning Intervention Level Be Lowered?,” American Journal of Public Health, 93(8), pp. 1253–
1260. doi: 10.2105/AJPH.93.8.1253. 
Bradman, A. et al. (2001) “Iron deficiency associated with higher blood lead in children living in 
contaminated environments.,” Environmental health perspectives, 109(10), pp. 1079–84. doi: 
10.1289/ehp.011091079. 
Canfield, R. L. et al. (2003) “Intellectual Impairment in Children with Blood Lead Concentrations 
below 10 μg per Deciliter,” New England Journal of Medicine, 348(16), pp. 1517–1526. doi: 
10.1056/NEJMoa022848. 
Canfield, R. L., Jusko, T. A. and Kordas, K. (2005) “Environmental lead exposure and children’s 
cognitive function.,” The Italian Journal of Pediatrics, 31(6), pp. 293–300. doi: 
10.5649/jjphcs.35.202. 
Cao, J. et al. (2014) “Environmental lead exposure among preschool children in Shanghai, China: 
blood lead levels and risk factors.,” PLoS ONE, 9(12), p. e113297. doi: 
10.1371/journal.pone.0113297. 
Centers for Disease Control and Prevention (CDC) (2012) “Infant lead poisoning associated with 
use of tiro, an eye cosmetic from Nigeria--Boston, Massachusetts, 2011.,” MMWR. Morbidity and 
mortality weekly report. United States, 61(30), pp. 574–6. Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/22854626. 
Cindi, M. D., Mbonane, T. P. and Naicker, N. (2020) “Study protocol to examine the relationship 
between environmental exposure to lead and blood lead levels among children from day-care 
centres in Ekurhuleni Metropolitan Municipality,” BMJ Open, 10(5), p. e036687. doi: 
10.1136/bmjopen-2019-036687. 
Clark, C. S. et al. (2006) “The lead content of currently available new residential paint in several 
Asian countries,” Environmental Research, 102(1), pp. 9–12. doi: 
https://doi.org/10.1016/j.envres.2005.11.002. 
Clark, C. S. et al. (2009) “Lead levels in new enamel household paints from Asia, Africa and South 




Consumer Product Safety Commission (CPSC), 2018. Lead in paint. https://www.cpsc.gov/ 
Business–Manufacturing/Business-Education/Lead/Lead-in-Paint.  
Dargan, P. I. et al. (2008) “Heavy metal poisoning from Ayurvedic traditional medicines: an 
emerging problem?,” International Journal of Environment and Health, 2(3/4), p. 463. doi: 
10.1504/IJENVH.2008.020936. 
Department of Environmental Affairs. (DEA). (2009). National ambient air quality standards. 
South Africa Available from: https://www.environment.gov.za/sites/default/files/ 
legislations/nemaqa_airquality_g32816gon1210.pdf 
Department of Environmental Affairs (DEA). (2013). Declaration of the Waterberg Bojanala 
Priority Area. Pretoria: South African Weather Service;. Available from: 
https://www.environment.gov.za/sites/default/files/ 
gazetted_notices/nemaqa_waterberg_declaration_g35435gen495_0.pdf 
Dhimal, M. et al. (2017) “High blood levels of lead in children aged 6-36 months in Kathmandu 
Valley, Nepal: A cross-sectional study of associated factors,” PLOS ONE. Edited by J. P. van 
Wouwe, 12(6), p. e0179233. doi: 10.1371/journal.pone.0179233. 
Dignam, T. et al. (2019) “Control of Lead Sources in the United States, 1970-2017,” Journal of 
Public Health Management and Practice, 25, pp. S13–S22. doi: 
10.1097/PHH.0000000000000889. 
Dutta, S. et al. (2016) “Estimation of lead (Pb) in toys using x-ray fluorescence technology,” 
Journal of Krishna Institute of Medical Sciences University, 5(1), pp. 110–115. 
Ellis, B. et al. (2013) “Guidelines for Measuring Lead in Blood Using Point of Care Instruments,” 
Centers for Disease Control and Prevention, pp. 1–16. doi: 10.1016/j.denabs.2012.10.015. 
Ernhart, C. B. (2006) “Effects of lead on IQ in children.,” Environmental health perspectives, 
114(2), pp. A85-6; author reply A86-7. doi: 10.1289/ehp.114-a85. 
Etiang’, N. A. et al. (2018) “Environmental assessment and blood lead levels of children in Owino 
Uhuru and Bangladesh settlements in Kenya,” Journal of Health and Pollution, 8(18), pp. 1–2. 
doi: 10.5696/2156-9614-8.18.180605. 
Ettinger, A. S., Leonard, M. L. and Mason, J. (2019) “CDC’s Lead Poisoning Prevention Program: 
A Long-standing Responsibility and Commitment to Protect Children From Lead Exposure.,” 
Journal of public health management and practice : JPHMP, 25 Suppl 1, pp. S5–S12. doi: 
10.1097/PHH.0000000000000868. 
Foos, B. et al. (2016) “Key Federal Programs to Reduce Childhood Lead Exposures and Eliminate 
Associated Health Impacts,” President’s Task Force on Environmental Health Risks and Safety 




Frank, J. J. et al. (2019) “Systematic review and meta-analyses of lead (Pb) concentrations in 
environmental media (soil, dust, water, food, and air) reported in the United States from 1996 to 
2016,” Science of the Total Environment. The Authors, 694, p. 133489. doi: 
10.1016/j.scitotenv.2019.07.295. 
Gao, W. et al. (2001) “Blood Lead Levels among Children Aged 1 to 5 Years in Wuxi City, 
China,” Environmental Research, 87(1), pp. 11–19. doi: https://doi.org/10.1006/enrs.2001.4281. 
Gao, Z. et al. (2017) “Blood Lead Levels and Risk Factors among Preschool Children in a Lead 
Polluted Area in Taizhou, China,” BioMed Research International. Hindawi, 2017, pp. 1–8. doi: 
10.1155/2017/4934198. 
Gebrie, H. A., Tessema, D. A. and Ambelu, A. (2014) “Elevated blood lead levels among unskilled 
construction workers in Jimma, Ethiopia,” Journal of Occupational Medicine and Toxicology. 
Journal of Occupational Medicine and Toxicology, 9(1), pp. 1–10. doi: 10.1186/1745-6673-9-12. 
Georg, E. Penelope, J. Quintana, E. Nathan G. Dodder, E. Mahabee-Gittens, M. Padilla, S.  
Markman, L. Watanabe, T. Tobacco smoke is a likely source of lead and cadmium in settled house 
dust, Journal of Trace Elements in Medicine and Biology, Volume 63, 2021, 126656, ISSN 0946-
672X, https://doi.org/10.1016/j.jtemb.2020.126656. 
Gilbert, S. G. and Weiss, B. (2006) “A rationale for lowering the blood lead action level from 10 
to 2 μg/dL,” NeuroToxicology, 27(5), pp. 693–701. doi: 10.1016/j.neuro.2006.06.008. 
Gorce J-P, Roff M. (2016). Immediate screening of lead exposure in the workplace using portable 
X-ray fluorescence. J Occup Environ Hyg 2016;13:102–1 
Gottesfeld, P. et al. (2018) “Soil contamination from lead battery manufacturing and recycling in 
seven African countries,” Environmental Research, 161. doi: 10.1016/j.envres.2017.11.055. 
Gottesfeld, P. and Pokhrel, A. K. (2011) “Review: Lead exposure in battery manufacturing and 
recycling in developing countries and among children in nearby communities.,” Journal of 
occupational and environmental hygiene, 8(9), pp. 520–32. doi: 10.1080/15459624.2011.601710. 
Gould, E. (2009) “Childhood lead poisoning: conservative estimates of the social and economic 
benefits of lead hazard control.,” Environmental health perspectives, 117(7), pp. 1162–7. doi: 
10.1289/ehp.0800408. 
Grosse, S. D. et al. (2002) “Economic gains resulting from the reduction in children’s exposure to 
lead in the United States.,” Environmental health perspectives, 110(6), pp. 563–9. doi: 
10.1289/ehp.02110563. 
Hauptman, M., Bruccoleri, R. and Woolf, A. D. (2017) “An Update on Childhood Lead 
Poisoning,” Clinical Pediatric Emergency Medicine, 18(3). doi: 10.1016/j.cpem.2017.07.010. 
Hussain, J. et al. (2017) “Studies on heavy metal contamination in Godavari river basin,” Applied 
 
58 
Water Science. Springer Berlin Heidelberg, 7(8), pp. 4539–4548. doi: 10.1007/s13201-017-0607-
4. 
Jain, A.; Wolfe, L.; Jain, G. Impact of lead intoxication in children with iron deficiency anemia in 
low and middle-income countries. Blood 2013, 122, 2288–2289. 
Jones, R. L. et al. (2009) “Trends in Blood Lead Levels and Blood Lead Testing Among US 
Children Aged 1 to 5 Years, 1988–2004,” Pediatrics, 123(3), p. e376 LP-e385. doi: 
10.1542/peds.2007-3608. 
Kaufman, J. A. et al. (2016) “Prevalence and Risk Factors of Elevated Blood Lead in Children in 
Gold Ore Processing Communities, Zamfara, Nigeria, 2012.,” Journal of health & pollution, 
6(11), pp. 2–8. doi: 10.5696/2156-9614-6-11.2. 
Keramati, M. et al. (2013) “Correlation between blood lead concentration and iron deficiency in 
Iranian children,” Nigerian Medical Journal. doi: 10.4103/0300-1652.122353. 
Khan, S. A. (2016) “E-products, E-waste and the Basel Convention: Regulatory Challenges and 
Impossibilities of International Environmental Law,” Review of European, Comparative & 
International Environmental Law, 25(2), pp. 248–260. doi: 10.1111/reel.12163. 
Kim, D. Y. et al. (2002) “Relation between housing age, housing value, and childhood blood lead 
levels in children in Jefferson County, Ky.,” American journal of public health, 92(5), pp. 769–
72. doi: 10.2105/ajph.92.5.769. 
Kim, J.-H. et al. (2014) “Blood lead levels of Korean lead workers in 2003–2011,” Annals of 
Occupational and Environmental Medicine, 26(1), p. 30. doi: 10.1186/s40557-014-0030-3. 
Kim,J. Park,Y.Kim, S.Moon, H. Park,J. Choi,K. Kim,S. (2017).Timing of an accelerated body 
mass increase in children exposed to lead in early life: A longitudinal study. Science of The 
Total Environment .Volumes 584–585,2017,ISSN 00489697. https://doi.org/10.1016/j.scitotenv. 
Kootbodien, T. et al. (2012) “Heavy metal contamination in a school vegetable garden in 
Johannesburg.,” South African Medical Journal, 102(4), pp. 226–7. Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/22464503. 
Kordas, K. et al. (2018) “Lead Exposure in Low and Middle-Income Countries: Perspectives and 
Lessons on Patterns, Injustices, Economics, and Politics.,” International journal of environmental 
research and public health, 15(11), p. 2351. doi: 10.3390/ijerph15112351. 
Korfmacher, K. S. and Hanley, M. L. (2013) “Are local laws the key to ending childhood lead 
poisoning?,” Journal of health politics, policy and law, 38(4), pp. 757–813. doi: 
10.1215/03616878-2208603. 
Landrigan, P. et al. (2007) “The Declaration of Brescia on prevention of the neurotoxicity of 
metals June 18, 2006.,” American journal of industrial medicine. United States, 50(10), pp. 709–
11. doi: 10.1002/ajim.20404. 
 
59 
Lane, S. D. et al. (2008) “Environmental Injustice: Childhood Lead Poisoning, Teen Pregnancy, 
and Tobacco,” Journal of Adolescent Health, 42(1), pp. 43–49. doi: 
10.1016/j.jadohealth.2007.06.017. 
Lanphear, B. P. et al. (2005) “Low-level environmental lead exposure and children’s intellectual 
function: An international pooled analysis,” Environmental Health Perspectives, 113(7), pp. 894–
899. doi: 10.1289/ehp.7688. 
Leafe, M. et al. (2015) “Change in childhood lead exposure prevalence with new reference level.,” 
Journal of environmental health. United States, 77(10), pp. 14–6. Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/26058217. 
LeBrón, A. M. W. et al. (2019) “The State of Public Health Lead Policies: Implications for Urban 
Health Inequities and Recommendations for Health Equity.,” International journal of 
environmental research and public health, 16(6), pp. 1–28. doi: 10.3390/ijerph16061064. 
Lidsky, T. I. and Schneider, J. S. (2003) “Lead neurotoxicity in children: Basic mechanisms and 
clinical correlates,” Brain. doi: 10.1093/brain/awg014. 
Lin, G. Z. et al. (2009) “Lead in housing paints: An exposure source still not taken seriously for 
children lead poisoning in China,” Environmental Research, 109(1), pp. 1–5. doi: 
https://doi.org/10.1016/j.envres.2008.09.003. 
Liu, J. et al. (2012) “Blood lead levels and associated sociodemographic factors among preschool 
children in the South Eastern region of China.,” Paediatric and perinatal epidemiology, 26(1), pp. 
61–9. doi: 10.1111/j.1365-3016.2011.01234.x. 
Liu, J. et al. (2013) “Impact of low blood lead concentrations on IQ and school performance in 
Chinese children.,” PloS one. Edited by Q. Sun, 8(5), p. e65230. doi: 
10.1371/journal.pone.0065230. 
Liu, J., Liu, X., Wang, W., McCauley, L., Pinto-Martin, J., Wang, Y., Li, L., Yan, C. and Rogan, 
Walter J. (2014) “Blood lead concentrations and children’s behavioral and emotional problems: a 
cohort study.,” JAMA pediatrics, 168(8), pp. 737–45. doi: 10.1001/jamapediatrics.2014.332. 
Liu, J., Liu, X., Wang, W., McCauley, L., Pinto-Martin, J., Wang, Y., Li, L., Yan, C. and Rogan, 
Walter J (2014) “Blood lead concentrations and children’s behavioral and emotional problems: A 
cohort study,” JAMA Pediatrics, 168(8), pp. 737–745. doi: 10.1001/jamapediatrics.2014.332. 
Lucus, J. Bellanger, L.  Le Strat, Y. Le Tertre, A. Glorennec, P. Le Bot, B. Etchevers, A. Mandin, 
C. Sébille, V. (2013). Source contributions of lead in residential floor dust and within-home 
variability of dust lead loading. Total Environment 470–471 (2014) 768–779. Accessible from: 
http://dx.doi.org/10.1016/j.scitotenv.2013.10.028 
Lynch, E. E. and Meier, H. C. S. (2020) “The intersectional effect of poverty, home ownership, 
and racial/ethnic composition on mean childhood blood lead levels in Milwaukee County 
 
60 
neighborhoods,” PLOS ONE. Public Library of Science, 15(6), p. e0234995. Available at: 
https://doi.org/10.1371/journal.pone.0234995. 
MacDonald, K. E. (2006) “Sustaining the environmental rights of children: An exploratory 
critique,” Fordham Environmental Law Review. Fordham Environmental Law Review, 18(1), pp. 
1–65. Available at: http://www.jstor.org/stable/44174943. 
Mannino, D. M. et al. (2003) “Second-hand Smoke Exposure and Blood Lead Levels in U.S. 
Children,” Epidemiology, 14(6), pp. 719–727. doi: 10.1097/01.EDE.0000081998.02432.53. 
Margot, M. Hillyer, L. Finch, A. Cerel, S. Jonathan, D. Dattelbaum, M. Leopold, C. (2014). Multi-
technique quantitative analysis and socioeconomic considerations of lead, cadmium, and arsenic 
in children’s toys and jewellery. Chemosphere. Volume 108,Pages 205-213,ISSN 0045-
6535.https://doi.org/10.1016/j.chemosphere.2014.01.041.http://www.sciencedirect.com/science/a
rticle/pii/S0045653514001076) 
Markowitz, M. (2000a) “Lead poisoning: a disease for the next millennium.,” Current problems 
in pediatrics, 30(3), pp. 62–70. doi: 10.1067/mps.2000.104053. 
Markowitz, M. (2000b) “Lead poisoning.,” Pediatrics in review, 21(10), pp. 327–35. doi: 
10.1542/pir.21-10-327. 
Mashaba, N. and Wiese, M. (2016) “Black middle class township shoppers: a shopper typology,” 
The International Review of Retail, Distribution and Consumer Research. Routledge, 26(1), pp. 
35–54. doi: 10.1080/09593969.2015.1068827. 
Mason, J. et al. (2019) “Response to the US FDA LeadCare Testing Systems Recall and CDC 
Health Alert,” Journal of Public Health Management and Practice, 25(11), pp. S91–S97. doi: 
10.1097/PHH.0000000000000875. 
Mathee, A. (2005a) Blood Lead Levels in First Grade South African Children – a Geographic & 
Temporal Analysis. University of Johannesburg. 
Mathee, A. (2005b) Blood Lead Levels in First Grade South African Children – a Geographic & 
Temporal Analysis. Available at: https://core.ac.uk/reader/39665499. 
Mathee, A. et al. (2005) “Lead poisoning in South African children: the hazard is at home.,” 
Reviews on environmental health, 19(3–4), pp. 347–61. doi: 10.1097/00001648-200509000-
00344. 
Mathee, A. et al. (2006) “Reductions in blood lead levels among school children following the 
introduction of unleaded petrol in South Africa.,” Environmental research, 100(3), pp. 319–22. 
doi: 10.1016/j.envres.2005.08.001. 
Mathee, A. et al. (2007) “Lead in Paint: Three Decades Later and Still a Hazard for African 
Children?,” Environmental Health Perspectives, 115(3), pp. 321–322. doi: 10.1289/ehp.9575. 
Mathee, A. et al. (2009) “Lead-based paint on playground equipment in public children’s parks in 
 
61 
Johannesburg, Tshwane and Ekurhuleni.,” South African medical journal = Suid-, 99(11), pp. 
819–21. Available at: http://www.ncbi.nlm.nih.gov/pubmed/20218484. 
Mathee, A. et al. (2013) “Lead exposure in young school children in South African subsistence 
fishing communities,” Environmental Research, 126, pp. 179–183. doi: 
10.1016/j.envres.2013.05.009. 
Mathee, A. et al. (2014) “A cross-sectional analytical study of geophagia practices and blood metal 
concentrations in pregnant women in Johannesburg, South Africa,” South African Medical 
Journal, 104(8), pp. 568–73. doi: 10.7196/samj.7466. 
Mathee, A. (2014) “Towards the prevention of lead exposure in South Africa: Contemporary and 
emerging challenges,” NeuroToxicology. Elsevier B.V., 45, pp. 220–223. doi: 
10.1016/j.neuro.2014.07.007. 
Mathee, A., Kootbodien, T., et al. (2018) “Concentrations of arsenic and lead in residential garden 
soil from four Johannesburg neighborhoods,” Environmental Research. Elsevier Inc., 167(April), 
pp. 524–527. doi: 10.1016/j.envres.2018.08.012. 
Mathee, A., Barnes, B., et al. (2018) “Development for children’s environmental health in South 
Africa: Past gains and future opportunities,” Development Southern Africa. Taylor & Francis, 
35(2), pp. 283–293. doi: 10.1080/0376835X.2017.1419857. 
Mathee, A. Naicker, N. von Schirnding, Y. (2019). The role of the South African Medical Research 
Council in reducing lead exposure and preventing lead poisoning in South Africa. S Afr Med J 
2019;109(11 Suppl 1):S25-S29. https://doi.org/10.7196/SAMJ.2019.v109i11b.14271 
Mathee, A., Naicker, N. and Teare, J. (2015) “Retrospective Investigation of a Lead Poisoning 
Outbreak from the Consumption of an Ayurvedic Medicine: Durban, South Africa.,” International 
Journal of Environmental Research and Public Health, 12(7), pp. 7804–7813. doi: 
10.3390/ijerph120707804. 
Mbongwe, B. et al. (2010) “Exposure to lead among children aged 1-6 years in the city of 
Gaborone,” Botswana. J Environ Health Res, 10(1), pp. 17–26. 
McClure, L. F., Niles, J. K. and Kaufman, H. W. (2016) “Blood Lead Levels in Young Children: 
US, 2009-2015,” The Journal of Pediatrics, 175, pp. 173–181. doi: 10.1016/j.jpeds.2016.05.005. 
McLaine, P. et al. (2013) “Elevated blood lead levels and reading readiness at the start of 
kindergarten.,” Pediatrics, 131(6), pp. 1081–9. doi: 10.1542/peds.2012-2277. 
Mogosi, M. et al. (2016) “Evaluating the possibility of children’s exposure to lead poisoning at 
crèches in Ekurhuleni Health District,” in Ekurhuleni District Research Conference. Kempton 
Park. 
Mohta, A. (2010) “Kajal (Kohl) - A dangerous cosmetic.,” Oman journal of ophthalmology, 3(2), 
pp. 100–1. doi: 10.4103/0974-620X.64242. 
 
62 
Montgomery, M. and Mathee, A. (2005) “A preliminary study of residential paint lead 
concentrations in Johannesburg.,” Environmental research, 98(3), pp. 279–83. doi: 
10.1016/j.envres.2004.10.006. 
Naicker, N. et al. (2010) “Prenatal and adolescent blood lead levels in South Africa: child, maternal 
and household risk factors in the Birth to Twenty cohort.,” Environmental Research. Elsevier, 
110(4), pp. 355–362. doi: 10.1016/j.envres.2010.02.006. 
Naicker, N., Mathee, A. and Barnes, B. (2013) “A follow-up cross-sectional study of 
environmental lead exposure in early childhood in urban South Africa,” South African Medical 
Journal, 103(12), pp. 935–938. doi: 10.7196/SAMJ.7157. 
Nakhaee, Sareh et al. (2019) “Blood lead level risk factors and reference value derivation in a 
cross-sectional study of potentially lead-exposed workers in Iran,” BMJ Open, 9(7), p. e023867. 
doi: 10.1136/bmjopen-2018-023867. 
National Department of Health. (2019). Draft regulations relating to lead in paint. Pretoria. South 
Africa 
Needhidasan, S., Samuel, M. and Chidambaram, R. (2014) “Electronic waste - an emerging threat 
to the environment of urban India.,” Journal of environmental health science & engineering. 
Journal of Environmental Health Science and Engineering, 12(1), p. 36. doi: 10.1186/2052-336X-
12-36. 
Naeem, A .Sahito, A. Kazi, J. Alquaiz, A. Khan, A. Ikegami, F. Kayama, Z. (2018). Lead Content 
in 'Surma/Kajal samples' from Japan, Pakistan and Saudi Arabia 301: 1 Pathog Dis Infect J. ISSN: 
25777939 
O’Connor, D. et al. (2018a) “Lead-based paint remains a major public health concern: A critical 
review of global production, trade, use, exposure, health risk, and implications,” Environment 
International. Elsevier, 121(July), pp. 85–101. doi: 10.1016/j.envint.2018.08.052. 
O’Connor, D. et al. (2018b) “Lead-based paint remains a major public health concern: A critical 
review of global production, trade, use, exposure, health risk, and implications,” Environment 
International. Elsevier, 121(September), pp. 85–101. doi: 10.1016/j.envint.2018.08.052. 
Olympio, K. P. K. et al. (2009) “Neurotoxicity and aggressiveness triggered by low-level lead in 
children: a review,” Revista Panamericana de Salud Pública, 26(3), pp. 266–275. doi: 
10.1590/S1020-49892009000900011. 
Olympio, K. P. K. et al. (2017) “What are the blood lead levels of children living in Latin America 
and the Caribbean?,” Environment International. Elsevier Ltd, 101, pp. 46–58. doi: 
10.1016/j.envint.2016.12.022. 
Olympio, K. P. K. et al. (2018) “Blood lead and cadmium levels in preschool children and 
associated risk factors in São Paulo, Brazil,” Environmental Pollution. Elsevier Ltd, 240, pp. 831–
 
63 
838. doi: 10.1016/j.envpol.2018.04.124. 
Oudijk, G. (2010) “The Rise and Fall of Organometallic Additives in Automotive Gasoline,” 
Environmental Forensics. Taylor & Francis, 11(1–2), pp. 17–49. doi: 
10.1080/15275920903346794. 
Pan, S. Lin, L. Zeng, F. Zhang, J. Dong, G. Yang, B. Jing, Y. Chen, S. Zhang, G. Yu, Z. Sheng, 
G. Ma H. (2017) Effects of lead, cadmium, arsenic, and mercury co-exposure on children's 
intelligence quotient in an industrialized area of southern China. Environmental Pollution. 235: 47 
-54. Accessed from: https://doi.org/10.1016/j.envpol.2017.12.044 
Payne, M. (2008) “Lead in drinking water.,” Canadian Medical Association journal, 179(3), pp. 
253–4. doi: 10.1503/cmaj.071483. 
Perkins, D. N. et al. (2014) “E-waste: A global hazard,” Annals of Global Health. Elsevier Inc, 
80(4), pp. 286–295. doi: 10.1016/j.aogh.2014.10.001. 
Pinto, V. N. (2008) “E-waste hazard: The impending challenge,” Indian journal of occupational 
and environmental medicine. Medknow Publications, 12(2), pp. 65–70. doi: 10.4103/0019-
5278.43263. 
Pourkhabbaz, A. and Pourkhabbaz, H. (2012) “Investigation of toxic metals in the tobacco of 
different Iranian cigarette brands and related health issues.,” Iranian journal of basic medical 
sciences, 15(1), pp. 636–44. doi: 10.22038/ijbms.2012.4832. 
Prihartono, N. A. et al. (2019) “Prevalence of Blood Lead among Children Living in Battery 
Recycling Communities in Greater Jakarta, Indonesia.,” International journal of environmental 
research and public health, 16(7), p. 1276. doi: 10.3390/ijerph16071276. 
Qiu, J. et al. (2015) “Blood Lead Levels in Children Aged 0–6 Years Old in Hunan Province, 
China from 2009–2013,” PLOS ONE. Edited by D. O. Carpenter, 10(4), p. e0122710. doi: 
10.1371/journal.pone.0122710. 
Rădulescu, A. and Lundgren, S. (2019) “A pharmacokinetic model of lead absorption and calcium 
competitive dynamics,” Scientific Reports, 9(1), p. 14225. doi: 10.1038/s41598-019-50654-7. 
Raymond, J. S. et al. (2009) “Risk for Elevated Blood Lead Levels in 3- and 4-Year-Old Children,” 
Maternal and Child Health Journal, 13(1), pp. 40–47. doi: 10.1007/s10995-007-0297-x. 
Reuben, A.Caspi, A. Belsky, D. et al.(2017). Association of Childhood Blood Lead Levels With 
Cognitive Function and Socioeconomic Status at Age 38 Years and With IQ Change and 
Socioeconomic Mobility Between Childhood and Adulthood. JAMA. 2017;317(12):1244–1251. 
doi:10.1001/jama.2017.1712 
Rissler, J. et al. (2017) “Deposition efficiency of inhaled particles (15-5000 nm) related to 
breathing pattern and lung function: an experimental study in healthy children and adults,” Particle 




Röllin, H. B. et al. (2017) “Reduction of in utero lead exposures in South African populations: 
Positive impact of unleaded petrol,” PLoS ONE. doi: 10.1371/journal.pone.0186445. 
Saeed, S. et al. (2017) “Lead Poisoning: A Persistent Health Hazard-General and Oral Aspects,” 
Biomedical and Pharmacology Journal, 10(1), pp. 439–445. doi: 10.13005/bpj/1127. 
Sanders, T. et al. (2009) “Neurotoxic effects and biomarkers of lead exposure: a review.,” Reviews 
on environmental health, 24(1), pp. 15–45. doi: 10.1515/reveh.2009.24.1.15. 
von Schirnding, Y. et al. (2001) “Distribution of blood lead levels in schoolchildren in selected 
Cape Peninsula suburbs subsequent to reductions in petrol lead.,” South African medical journal 
= Suid-Afrikaanse tydskrif vir geneeskunde, 91(10), pp. 870–2. Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/11732461. 
von Schirnding, Y. et al. (2003) “A study of pediatric blood lead levels in a lead mining area in 
South Africa.,” Environmental research, 93(3), pp. 259–63. doi: 10.1016/s0013-9351(03)00117-
8. 
Schmidt, C. W. (2008) “Face to face with toy safety: understanding an unexpected threat.,” 
Environmental health perspectives, 116(2), pp. A70-6. doi: 10.1289/ehp.116-a70. 
Seedat, M. et al. (2009) “Violence and injuries in South Africa: prioritising an agenda for 
prevention,” The Lancet. doi: 10.1016/S0140-6736(09)60948-X. 
Semple, S. (2004) “Dermal exposure to chemicals in the workplace: just how important is skin 
absorption?,” Occupational and Environmental Medicine, 61(4), pp. 376–382. doi: 
10.1136/oem.2003.010645. 
Shao, L., Zhang, L. and Zhen, Z. (2017) “Interrupted time series analysis of children’s blood lead 
levels: A case study of lead hazard control program in Syracuse, New York.,” PloS one, 12(2), p. 
e0171778. doi: 10.1371/journal.pone.0171778. 
Sharma, B., Singh, S. and Siddiqi, N. J. (2014) “Biomedical implications of heavy metals induced 
imbalances in redox systems.,” BioMed research international, 2014, p. 640754. doi: 
10.1155/2014/640754. 
Shen, Z. et al. (2018) “Lead-based paint in children’s toys sold on China’s major online shopping 
platforms,” Environmental Pollution, 241, pp. 311–318. doi: 10.1016/j.envpol.2018.05.078. 
Sobin, C. et al. (2011) “A Bland-Altman comparison of the Lead Care® System and inductively 
coupled plasma mass spectrometry for detecting low-level lead in child whole blood samples.,” 
Journal of medical toxicology : official journal of the American College of Medical Toxicology, 
7(1), pp. 24–32. doi: 10.1007/s13181-010-0113-7  
South African National Government. (2012). National Development Plan 2030: Our future is in 
our hands. South Africa. ISBN: 978-0-621-41180-5 
 
65 
South African Department of Statistics. (2019). Sustainable Development Goals: Country Report 
2019. South Africa ISBN 978-0-621-476194 
Stroh, E. et al. (2009) “Geographical patterns in blood lead in relation to industrial emissions and 
traffic in Swedish children, 1978-2007,” BMC Public Health. doi: 10.1186/1471-2458-9-225. 
Susanti, A. et al. (2019) “Searching the Appropriate Minimum Sample Size Calculation Method 
for Commuter Train Passenger Travel Behavior Survey,” Journal of Infrastructure & Facility 
Asset Management, 1(1), pp. 47–60. doi: 10.12962/jifam.v1i1.5232. 
Symeonides, C. et al. (2020) “Pre‐school child blood lead levels in a population‐derived Australian 
birth cohort: the Barwon Infant Study,” Medical Journal of Australia, 212(4), pp. 169–174. doi: 
10.5694/mja2.50427. 
Teare, J. et al. (2015) “The Extent, Nature and Environmental Health Implications of Cottage 
Industries in Johannesburg, South Africa,” International Journal of Environmental Research and 
Public Health, 12(2), pp. 1894–1901. doi: 10.3390/ijerph120201894. 
ThermoFisher Scientific (2011) “Thermo Scientific NITON XRF Analyzers,” p. 8. 
Tiffany-Castiglioni, E., Barhoumi, R. and Mouneimne, Y. (2012) “Kohl and surma eye cosmetics 
as significant sources of lead (Pb) exposure,” Journal of Local and Global Health Science, (2012), 
p. 1. doi: 10.5339/jlghs.2012.1. 
Tong, S., von Schirnding, Y. E. and Prapamontol, T. (2000) “Environmental lead exposure: a 
public health problem of global dimensions.,” Bulletin of the World Health Organization, 78(9), 
pp. 1068–77. doi: 10.1016/j.isprsjprs.2013.06.001. 
UNICEF.(1989). What is the Convention on the Rights of the Child?. Accessed.  Downloaded on 
08/07/2020. 
United Nations. (2012). The Future We Want Outcome Document. Rio de Janeiro Accessible 
from: https://sustainabledevelopment.un.org/futurewewant.html. Accessed on 28 September 2020 
Symeonides, C. Vuillermin, P. et.al. (2020). Pre- school child blood lead levels in a population-  
derived Australian birth cohort: the Barwon Infant Study. Medical Journal of Australia. Volume 
212 Issue 4. pp 169-174 Accessible from: https://doi.org/10.5694/mja2.50427 . Accessed on 
19/07/2020. 
Wani, A. L., Ara, A. and Usmani, J. A. (2015) “Lead toxicity: a review.,” Interdisciplinary 
toxicology, 8(2), pp. 55–64. doi: 10.1515/intox-2015-0009. 
Weinberg, J. and Clark, S. (2012) Global Lead Paint Elimination by 2020: A test of the 
effectiveness of the strategic approach to internatinal chemicals management. Sweden. 
Widmer, R. et al. (2005) “Global perspectives on e-waste,” Environmental Impact Assessment 
Review, 25(5), pp. 436–458. doi: 10.1016/j.eiar.2005.04.001. 
Winecker, R. E. et al. (2002) “The Toxicology of Heavy Metals: Getting the Lead Out,” 
 
66 
Laboratory Medicine, 33(12), pp. 934–947. doi: 10.1309/QNK0-WAPW-1GPA-5G0J. 
World Health Organization (WHO), 2017. Questions and answers: international lead poisoning 
prevention awareness campaign week of action (22–28 October 2017). http:// 
www.who.int/ipcs/lead_campaign/QandA_lead_2017_en.pdf 
Wright, J. P. et al. (2008) “Association of prenatal and childhood blood lead concentrations with 
criminal arrests in early adulthood,” PLoS Medicine. doi: 10.1371/journal.pmed.0050101. 
Yimthiang, S., Waeyang, D. and Kuraeiad, S. (2019) “Screening for Elevated Blood Lead Levels 






APPENDIX 1: REQUEST FOR PERMISSION  
 
Joubert and Angus Street 
Germiston  
1401 




RE: REQUEST FOR PERMISSION TO CONDUCT A STUDY AT YOUR DAY-CARE 
CENTRE 
I am an Environmental Health postgraduate student at the University of Johannesburg, South 
Africa. I intend to do a study on ‘Blood lead levels associated with childhood exposure to lead in 
Ekurhuleni district day-care centres’. This is in fulfilment of the requirements for a Master’s 
Technology Degree in Environmental Health. The study will take place in line with the University 
of Johannesburg policies and guidelines. The aim of this study is to evaluate the level of childhood 
exposure to lead by assessing blood lead levels and environmental exposures in day-care centres 
situated in Ekurhuleni District. 
 
The objectives of the study are: 
● To measure the lead concentrations on toys, surfaces, furniture, play areas and other objects 
found in the Ekurhuleni District day-care centres 
● To measure the blood lead levels in children aged between two and five years in the Ekurhuleni 
District day-care centres 
● To determine the risk factors within the day-care centres and in the home environment 
associated with elevated blood lead levels 
I hereby request permission to carry out the following activities at your day-care centre:  
● To measure lead concentration levels on toys, furniture, walls and other surfaces in your 
day-care centre using the X-Ray Fluorescent (XRF) Analyser. It will only take a few 
minutes to measure lead concentrations on each object and the analyser will not cause any 
damage to the surfaces and objects. For surfaces and objects whose lead concentrations 
exceed 600ppm, advice on control measures to limit exposure will be given and District 
Environmental Health will be informed so they can also assist. Please be aware that parents 
will be informed about the results, especially if they exceed 600ppm ; 
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● Children will be removed from the room while measurements are taken to avoid them from 
being exposed to radiation. To request parents or guardians of the children to complete a 
questionnaire which will determine the risk factors associated to lead exposure; 
● To request parents or legal guardians to grant consent for a trained registered nurse to take 
samples for blood lead analysis from children aged 2 -5 years. An information sheet to 
explain the procedure and consent form will be issued to the parents. The day-care centres 
will be informed about the blood lead level results of the day-care centre but the names of 
the children will not be on the presentations 
The risks involved with taking of blood from the children are minor pain on the area where the 
blood sample will be taken, bruising, light headedness and minimal risk of infection. Disposable 
sampling medical consumables such as surgical gloves, needles, cotton wools etc. and personal 
protective clothing and equipment will be used to ensure compliance with infection control 
standards. 
The information will be handled with privacy, confidentiality and the anonymity of participants 
will be upheld. The participants can withdraw at any stage during the study. The study aims to 
evaluate the level of childhood exposure to lead by assessing blood lead levels and environmental 
exposures in day-care centres situated in Ekurhuleni District I intend to commence with data 
collection for the study between March 2018 to May 2018 should permission be received. 
Summary results of this study will be published in a dissertation. The information will be 
disseminated through presentation at one or more international or national conferences, and a 
publication in a scientific journal. The study will generate information on lead exposure amongst 
children in the vulnerable group (2-5 years) and envisage action to prevent long term exposure in 
these groups. 
 
If you have any queries or comments regarding this study, please do not hesitate to contact me, 
telephonically on 081 589 8551 or email: Cindi.Mbalenhle12@gmail.com or you may contact the 
Chairperson of the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg Prof. Chris Stein, Tel: 011 559-6564 or Email: cstein@uj.ac.za if any questions or 
complaints regarding your participation in this study have not been dealt with adequately. 
 





Ms. Mbalenhle Cindi 
(M-Tech: Environmental Health Student). 
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Tel: 078 815 1232 
 
………………………………. 













DEPARTMENT OF ENVIRONMENTAL HEALTH 
RESEARCH CONSENT FORM 
 
BLOOD LEAD LEVELS ASSOCIATED WITH CHILDHOOD EXPOSURE TO LEAD IN 
EKURHULENI DISTRICT DAY-CARE CENTRES 
 
Please initial each box below: 
 
 I confirm that I have read and understand the information letter dated Click here to enter the 
date, as is appears on the information sheet. for the above study. I have had the opportunity to 
consider the information, ask questions and have had these answered satisfactorily. 
 
 
  I understand that my participation is voluntary and that I am free to withdraw from this study at 
any time without giving any reason and without any consequences to me. 
 
 
      I agree to take part in the above study. 
 
 
________________      ___________________________________  _____________ 
Name of Participant        Signature of Participant     Date 
 
 
__Mbalenhle Cindi_____    ____________________  ________________ 
Name of Researcher       Signature of Researcher   Date 
APPENDIX 2 PRINCIPAL / OWNER OF 
THE DAY-CARE CENTRE 
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APPENDIX 3: CHILDREN ASSENT FORM 
 
DEPARTMENT OF ENVIRONMENTAL HEALTH 
RESEARCH ASSENT FORM 
 
Hello little girl/ boy 
My name is Mbali. I am an Environmental Health Practitioner, someone who takes care of the 
environment (the place we live in) to ensure that there are nothing bad for our health, like bad 
air, bad food or a place that can make you sick. 
  
I am a Masters’ degree student at University of Johannesburg. I would like to ask you to 
participate in a project and I would like my colleague who is a nurse to take blood from you to 
test if the is lead (a substance that can harm your health). It will hurt a little as a needle will be 
used to draw the blood. 
 
After take taking blood from your finger, if there is a lot of lead. The nurse will like to do more 
test to assist you. 
 
The nurse will prick 
your finger and 
collect a drop into a 
sheet 
Then will place a 





Please make a palm print on the box below if you are giving me permission to 


















Full name and surname of child: _________________________________________________ . 





2. Blood will 
be injected 
into a tube 
3. Blood tube 









Date of birth: _______________________________ 
Girl or Boy: _______________________________ 
 
______________                ___________________________   ____________ 




APPENDIX 4: PARENT/LEGAL GUARDIAN INFORMATION LETTER  
 
DEPARTMENT OF ENVIRONMENTAL HEALTH 
RESEARCH STUDY INFORMATION LETTER 
 




My name is Mbalenhle Cindi. I WOULD LIKE TO INVITE YOU AND YOUR CHILD TO 
PARTICIPATE in a research study on blood lead levels associated with childhood exposure to 
lead in Ekurhuleni District day-care centres 
 
Before you decide on whether to participate, I would like to explain to you why the research is 
being done and what it will involve for you. I will go through the information letter with you 
and answer any questions you have. This should take about 10 to 20 minutes. The study is part 
of a research project being completed as a requirement for a Master’s Degree in Environmental 
Health through the University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to evaluate the level of childhood exposure to lead in 
association with blood lead levels. 
 
WHAT IS LEAD? Lead is a blue or silver grey metal which is toxic and has been used worldwide 
over thousands of years.  
 
WHERE CAN WE FIND LEAD? Lead in paint can be a source of exposure for many decades 
as flaking paint particles can be inhaled or ingested especially. Adults who work in lead producing 
companies, the mining industry, spray painting workshops and construction sites can transport 
lead particles on their skin, personal protective clothing and equipment and their motor vehicles 
to the home environment. This can expose children and adults to lead.  
 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read through these. 
If you have any further questions I will be happy to answer them for you. 
 
DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to participate in 
the study. I will describe the study and go through this information sheet If you agree to take part, 
I will then ask you to sign a consent form.  
 
WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? 
Voluntarily give permission for your child to participate in the research project. The assent form 
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will be read to the child by a registered nurse who is trained in counselling children and the child 
will be asked if he or she wants to participate while his behaviour is monitored for willingness to 
participate. Children who refuse (in any way: crying, shaking their heads and pulling their arm 
during withdrawal of blood) even if they have already given their assent to participate will be 
excluded from the project and if their parents have given consent. The participants will be allowed 
to withdraw anytime without giving reason and no punitive action will be taken against them. If 
the child gives assent, the nurse will prick one finger and place one drop on a sheet that will give 
immediate results. However, if the levels of lead are higher in your child. A further 3ml blood 
sample can be taken from your child by a registered nurse who will use sterile and disposable 
medical equipment and be taken to the laboratory for lead testing. Please also complete the 
questionnaire which will ask about your child’s playing habits, behaviour and other factors that 
may lead to their exposure to lead and return it back to the day-care centre. 
 
WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide 
to participate, you are free to withdraw your consent at any time without giving a reason and 
without any consequences. If you wish to withdraw your consent, you must inform me as soon as 
possible. 
 
IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR 
PAYMENT DUE TO ME: You will not be paid to participate in this study and you will not bear 
any expenses. 
 
RISKS INVOLVED IN PARTICIPATION: Minor pain on the area where the blood sample 
will be taken, bruising, light headedness and minimal risk of infection  
 
BENEFITS INVOLVED IN PARTICIPATION: You will be informed if your child has been 
exposed to lead and the child may be referred for treatment if necessary. Advice will be given to 
the parent on prevention of further lead exposure. Data may be helpful in helping us to protect 
South African Children. You may also request a copy of your child’s blood lead results and the 
results may be explained to you by one of the nurses. 
 
WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? Yes. Names 
on the questionnaire/data sheet will be removed once analysis starts. All data and back-ups thereof 
will be kept in password protected folders and/or locked away as applicable. Only I or my research 
supervisors will be authorised to use and/or disclose your anonymised information in connection 
with this research study. Any other person wishing to work with your anonymised information as 
part of the research process (e.g. an independent data coder) will be required to sign a 
confidentiality agreement before being allowed to do so. 
 
WHO IS ORGANISING AND FUNDING THE STUDY? The study is being organised by me, 
under the guidance of my research supervisor at the Department of Environmental Health in the 
University of Johannesburg. This study has not received any funding. 
 
WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to 
start, it was reviewed in order to protect your interests. This review was done first by the 
Department of Environmental Health, and then secondly by the Faculty of Health Sciences 
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Research Ethics Committee at the University of Johannesburg. In both cases, the study was 
approved. 
 
WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this research 
study, its procedures or risks and benefits, you should ask me. You should contact me at any time 
if you feel you have any concerns about being a part of this study. My contact details are:  
Mbalenhle Cindi 
081 589 8551 or 078 815 1232 (cell) 
Cindi.Mbalenhle12@gmail.com 
 
You may also contact my research supervisor: 





If you feel that any questions or complaints regarding your participation in this study have not 
been dealt with adequately, you may contact the Chairperson of the Faculty of Health Sciences 
Research Ethics Committee at the University of Johannesburg: 
 
Prof. Chris Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more 
specific information about this research project information, have any questions, concerns or 
complaints about this research study, its procedures, risks and benefits, you should communicate 



















DEPARTMENT OF ENVIRONMENTAL HEALTH 
RESEARCH CONSENT FORM 
 
BLOOD LEAD LEVELS ASSOCIATED WITH CHILDHOOD EXPOSURE TO LEAD IN 
EKURHULENI DISTRICT DAY-CARE CENTRES 
 
Please initial each box below: 
 
 
       I confirm that I have read and understood the information letter dated 05 October 
2018 for the above study. I have had the opportunity to consider the information, ask questions 
and have had these answered satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to withdraw from 
this study at any time without giving any reason and without any consequences to me. 
 
 
      I agree for my child ____________________________________________________ 
(full name, surname and date of birth) to take part in the above study. 
 
 
_______________________           ___________________________  ___________ 
Name of Parent / legal guardian  Signature of Parent /legal guardian  Date 
 
________________________  ___________________________          ___________ 




















SECTION A: DEMOGRAPHIC INFORMATION 
1. Child’s name:…………………………………………………………………………………. 
2. Child’s surname:……………………………………………………………………………… 
3. Home address: ………………………………………………………………………………... 
…………………………………………………………………………………………............... 
4. Parent/ Legal guardian’s contact Number:……………………………………………………. 
5. Child’s date of birth:………………………………………………………………………….. 
6. Is the child a (please tick/cross the correct answer)? Girl Boy 
 
 
SECTION B: BACKGROUND 




a. Inside the house  
b. Outside the house  
c. Street  
d. At some other place (specify):   
e. Do not know  
2. Has the child lived anywhere else? Yes No 
3. If yes. Where did the child live before he/ she came to live here? 
a. A town or city  
b. A village  
c. Township   
d. Has lived here all of his/ her life  
4. Did the child attend any other day-care centre before the current day-care centre? 
a. Yes  
b. No  
c. Do not know  
5. Would you say he or she is more active than other children of the same age? 
a. Yes  
b. No  
c. Do not know  
6. Have you noticed the child often sucking his / her fingers or chewing his/ her nails? 
a. Yes  
b. No  
c. Do not know  
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7. Have you noticed the child putting any of the following non-food objects into his/ her 
mouth? (Mark one answer only for each item) 
Painted objects e.g. toys Yes No  Don’t know 
Cement/ plaster  Yes No  Don’t know 
Sand/ Soil Yes No  Don’t know 
Match sticks Yes No  Don’t know 
Cigarette ends Yes No  Don’t know 
Other (please specify)  
8. Do you use any pottery dishes (dishes made of clay) for cooking or storing food? 
a. Yes  
b. No  
c. Do not know  
9. How frequent does the child wash his/her hands on the following occasions (please tick 
one) 
  
Before eating Always  Sometimes  never 
After playing in dusty 
areas 
Always  Sometimes  never 
Before going to sleep Always  Sometimes  Never 
 
SECTION C: HEALTH AND DIET 
In this section, some information about the child’s health and diet is needed. 
1. Is the child well at present? 
a. Yes  
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b. No  
c. Do not know  
2. Does the child suffer from any of the following? (Mark the relevant health problems with a 
cross) 
a. Abdominal (stomach) pain  
b. Convulsion (fits)  
c. Anaemia  
d. Frequent tiredness  
e. Headaches  
f. Constipation  
g. Diarrhoea  
h. Vomiting  
i. Unable to concentrate properly  
j. Irritability  
k. Weakness and pain in the joints/muscles  
l. Other (please specify)………………………………………….  
3. Does the child often play in places where his/her fingernails get dirty underneath? 
a. Yes  
b. No  
c. Do not know  
 
 
SECTION D: HOUSING 
In this section, we would like to have some information about the house hold in which the child 
is presently living? 
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1. Is the home where the child is living? 
a. Rented 
b. Owned 
2. Is your home next to or within the following areas 
a. Mining dump  
b. Industrial area  
c. Scrapyard (recycling site)  
d. Landfill site  
d. Other, (please specify)  
3. How would you describe your home? 
a. House  
b. Flat   
c. Informal residence   
d. Other ( please specify):   
4. How many people are living in this home?  
5. What type of plumbing does the house have? 
a. Plastic  
b. Metal  
c. Other (please specify)  
6. Which fuel is used most of the time for cooking? 
a. Electricity  
b. Paraffin  
c. Gas  
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d. Wood  
e. Coal  
f. Solar  
g. Other (please specify)  
7. Which fuel is used most of the time for heating? 
a. Electricity  
b. Paraffin  
c. Gas  
d. Wood  
e. Coal  
f. Solar  
g. Other (please specify)  
8. Is there paint peeling from inside walls, doors or windowsills of the home? 
a. Yes  
b. No  
c. Don’t know  
9. Is there paint peeling from outside walls, doors or windowsills of the home? 
a. Yes  
b. No  
c. Don’t know  
10. Has there been any painting, decorating or renovation done in the home during the past year? 
a. Yes  
b. No  
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c. Don’t know  
11. When dusting the house, what do you use often? 
a. Dry cloth  
b. Damp cloth (soaked in water only)  
12. When the house is swept, what do you use often? 
a. A dry broom  
b. A wet mop (soaked in water only)  
c. A wet mop soaked in water plus a cleaning solution such as washing powder, 
Handy Andy or Sunlight liquid 
 
13. Does anyone in the house conduct any of following business in your home or in the yard? 
(Yes/No) 
a. Repair cars or maintenance  
b. Make jewellery  
c. Paint  
d. Welding or soldering  
e. Metal recycling   
f. Pottery  
g. Cosmetic making  
h. Make traditional medicine  
i. Furniture making  
j. Other (please specify):  
14. Does anyone smoke in the home? 
a. Yes  
b. No  
 
85 
16. Which of the following do they smoke in your household?  
a. Cigarettes  
b. Hookah pipes  
c. Traditional  
d. Snuff  
e. Other (please specify)  
17. Where do they smoke? 
a. Inside  
b. Outside  











SECTION E: SOCIAL ASPECTS 
In this section, we will ask some questions relating to other people living in the child’s home. 
1. How many siblings (sisters and brothers) does the child have?   
2. With whom does the child live? (you may tick more than one answer) 
a. Mother and father 
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b. One parent only 
c. A relative (grandparent, aunt, etc. 
d. Guardian 
e. Other (please specify):  
3. What is the total monthly income for this household? 
a. R0 to R3 000  
b. R3001 to R8 000  
c. R8 001 to R10 000  
d. More than R10000  
4. What is the highest qualification of your parents? 
 Father Mother 
a. Primary School   
b. Some Secondary School   
c. Grade 12 / Matric   
d. Certificate   
d. Diploma   
e. Degree    
5. Does anyone you stay with do the following jobs? (Yes/No/Don’t know) 
a. Painting  
b. Car repairs or maintenance  
c. Making jewellery  
d. Welding or soldering  
e. Plumbing  
f. Leaded or stained glass  
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g. Construction, building or renovation work  
h. Scrap yard  
i. Spray-painting of cars  
j. Battery factory  
k. Lead mine  
l. Repairing electrical appliances  
m. Pottery  
n. Petrol station  
o. Fishing  
q. A job involving guns or bullets (for example the police service)  
p. Other job that involves the use of lead. Please specify  
6. Does the child you suffer from any of the following illness? (Tick relevant health problems) 
a. Anaemia  
b. Frequent tiredness  
c. Hypertension  
d. Abdominal (stomach) pain  
e. Headaches  
f. Irritability  
g. Weakness and pain in joints/muscles  
h. Convulsions  
i. Unable to concentrate properly  
j. Diarrhoea  
k. Constipation  
l. Kidney problems  
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m. Heart condition  
n. Hearing problem  
o. Other (please specify)  
7. Does the child use traditional or home remedies or medicine? 
a. Yes  
b. No  
9. Do you believe that lead in the environment can cause health problems in children? 
a. Yes  
b. No  
c. Don’t know  















Education levels of parents 
Environmental exposures 
Play areas 
Live near high exposure sites 
Plumbing 
Fuel use 
Dwelling state (e.g. peeling paint…) 
Use of pottery dishes 
Hobbies/work that increase exposure (repair 
cars etc) 
Lead concentrations of objects in the crèches 
Behaviour 
Sucking or chewing fingernails 
Pica 
Smoking exposure 
Use of traditional or home remedies 
Domestic hygiene 













APPENDIX 7: REQUEST FOR PERMISSION (CITY OF EKURHULENI) 
 
Joubert and Angus Street 
Germiston  
1401 
1March 2018  
 
City of Ekurhuleni 




RE: REQUEST FOR PERMISSION TO CONDUCT A STUDY AT EARLY 
CHILDHOOD DEVELOPMENT CENTRES IN CITY OF EKURHULENI  
 
I am an Environmental Health postgraduate student at the University of Johannesburg. I intend to 
do a study on ‘Blood lead levels associated with childhood exposure to lead in Ekurhuleni District 
day-care centres. This is in fulfilment of the requirements for a Master’s Technology Degree in 
Environmental Health. The study will take place in line with the University of Johannesburg 
policies and guidelines. The aim of this study is to evaluate the level of childhood exposure to lead 
by assessing blood lead levels and environmental exposures in day-care centres situated in 
Ekurhuleni District. 
 
The objectives of the study are: 
 To measure the lead concentrations on toys, surfaces, furniture, play areas and other objects 
found in the Ekurhuleni District day-care centres; 
 To measure the blood lead levels in children aged between two and five years in the Ekurhuleni 
District day-care centres;  
 To determine the risk factors within the day-care centres and in the home environment 
associated with elevated blood lead levels; and 
 
I hereby request permission to carry out the following activities at your day-care centre:  
 To measure lead concentration levels on toys, furniture, walls and other surfaces in day-
care centres using the X-Ray Fluorescent (XRF) Analyser. It will only take a few minutes 
to measure lead concentrations on each object and the analyser will not cause any damage 
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to the surfaces and objects. Children will be removed from the room while measurements 
are taken to avoid them from being exposed to radiation; 
 To request parents or guardians of the children to complete a questionnaire which will 
determine the risk factors associated to lead exposure and; 
 To request parents or legal guardians to grant consent for a trained registered nurse to take 
samples for blood lead analysis from children aged 2 -5 years. An information sheet to 
explain the procedure and consent form will be issued to the parents. 
 
The risks involved with taking of blood from the children are minor pain on the area where the 
blood sample will be taken, bruising, light-headedness and minimal risk of infection. Disposable 
sampling medical consumables such as surgical gloves, needles, cotton wools etc. and personal 
protective clothing and equipment will be used to ensure compliance with infection control 
standards. 
 
The information will be handled with privacy, confidentiality and the anonymity of participants 
will be upheld. The participants can withdraw at any stage during the study. The study aims to 
evaluate the level of childhood exposure to lead by assessing blood lead levels and environmental 
exposures in day-care centres situated in Ekurhuleni District I intend to commence with data 
collection for the study between 1 February 2018 to 30 April 2018 should permission be received. 
Summary results of this study will be published in a dissertation. The information will be 
disseminated through presentation at one or more international or national conferences, and a 
publication in a scientific journal. The study will generate information on lead exposure amongst 
children in the vulnerable group (2-5 years) and envisage action to prevent long term exposure in 
these groups. 
  
If you have any queries or comments regarding this study, please do not hesitate to contact me, 
telephonically on 078 815 1232 or email: Cindi.Mbalenhle12@gmail.com or you may contact the 
Chairperson of the Faculty of Health Sciences Research Ethics Committee at the University of 
Johannesburg Prof. Chris Stein, Tel: 011 559-6564 or Email: cstein@uj.ac.za if any questions or 
complaints regarding participation in this study have not been dealt with adequately. 
 







Ms. Mbalenhle Cindi 
(M-Tech: Environmental Health Student). 
Cell: 078 815 1232 
 
………………………………. 
Supervisor: Prof. N. Naicker  




APPENDIX 8 : REFERRAL LETTER TO HEALTH FACILITY  
 
Ms. M. Cindi, an Environmental Health postgraduate student at the University of Johannesburg, 
conducted a study on ‘Blood lead levels associated with childhood exposure to lead in 
Ekurhuleni district day-care centres”. The aim of the study was to evaluate the level of 
childhood exposure to lead by assessing blood lead levels and environmental exposures in day-
care centres situated in Ekurhuleni District. Thus, each child that participated had blood lead 
levels measured.  
The child (see details below) had blood lead levels which were ≥5 µg/dL. 
PATIENT REFERRAL 
To:…………………………………………Clinic  Date:………………………. 
Dear Doctor / Sister in Charge 
Patient’s name:… ………………………………………….Age:………………Sex: ….… 
  
Would you kindly see the above patient who is enrolled in our study. 
Presenting complaint:   ……………………………………….. 
Blood Lead concentration:  ……………………………… 




Name …… Dr Nisha Naicker …………………………….. 
Signature……………………………………………………. 
 
For further information regarding this study, please contact Dr Nisha Naicker, National Institute 
for Occupational Health, National Health Laboratory Service, 25 Hospital Street, Braamfontein. 
Tel: 011 712 6436,  email: nisha.naicker@nhls.ac.za. 
 







Environmental Health Practitioner 
Date:______________ 

































APPENDIX 12: LINEAR REGRESSION 
 




β SE P -Value 
Gender 0.241 2.650 0.408 
Home ownership -0.150 3.796 0.685 
XRF reading Table -1.044 1.248 <0.059* 
XRF reading Cupboard 0.510 1.558 0.236 
Health Conditions -0.585 0.804 <0.147* 
Type of area child 
relocated from 
-0.217 4.474 0.674 
Lead related Occupations -0.074 3.337 0.836 
Hyperactivity -0.456 3.432 0.240 
 
